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PREFACE

The Defense R,. ource Management Study (DRMS) was commissioned by the Sec-
retary of Defense in November 1977 in response to a request by the President dated
September 20, 1977. The President wanted a "searching organizational review" into
several resource management issues.

The Secretary also established the Defense Organization Committee, chaired by the
Deputy Secretary, to oversee the DRMS and several other concurrent organization re-
views.

The DRMS focused on five topics within the broad area of resource management:

* Resource allocation decision process (PPBS)
• Weapon system acquisition process
* Logistics support of combat forces
" Career mix of enlisted military personnel
• Military health care system.

Each topic is treated in a separate chapter of the Final Report containing analysis and
recommendations for change.

_'his companion report presents five case stuJis of logistics support alternatives.
These case studies furnish part of the basis for the (design principles for logistics activ-
ities described in Chapter III of the tinal Report They also point out specific oppor-
tunities to improve defense logistics activities, an% illustrate special adaptations that
must be made to the general principles in concrete applications .......

Several factors impelled the DRMS examination of logistics alternatives:

• Logistics support accounts for a large proportion of defense manpower and
dollar resources;

* Past studies of maintenance and supply support have indicated that changes
in logistics support concepts and procedures can significantly affect combat
effectiveness and cost;

a Peacetime drives for efficiency have sometimes reduced combat flexibility and
effectiveness out of proportion to any cost savings; and

0 Changes in the expected wartime scenario and weapon system technology
have not always induced corresponding changes in the logistics support struc-
ture.

These factors supplied the initial motivation for the five case studies that DRMS
carried out during its analysis~of support to combat forces. The case studies centered
on:

L
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kJNavy carrier-based air units
Air Force B-52/KC135 weapon systems')

•w Air Force A-10)

* Army helicopters, r..-A

* Army tracked combat vehicles

Four design principles emerge from these case studies:that should guide the future )
evolution of logistics support structures.

_ ,'-Focus the maintenance capability of combat units-{,rmy divisions, Navy and
Air Force wings)6n quick-turnaround repair,' limiting their need to perform
off-equipment maintenance; \This will free the combat units from a cumber-
some logistics burden, making them more able to respond to fluid battle con-
ditions.

4)2)onsolidate off-equipment maintenance at a level that permits capture of
economies of scale and reduces the vulnerability of some support resources.
The specific design for each weapon system will be dictated by weapon tech-
nology, support technology, economics, and the combat task.

4- Glve theater or fleet commanders the capability to reallocate support resources
across combat units; so as to adjust quickly to the rapidly changing wartime

(q environments they are likely to face.
e Reduce, but not eliminate, the dependence of combat units on the CONUS

wholesale structure for both maintenance and supply support in order to make
the theater somewhat more self-sufficient. v

The DRMS examination of logistics support alternatives, described in Chapter III
of the Final Report and supplemented by this companion volume of case studies, not
only points the direction for future logistics structure evolution, but also illustrates the
type of support analysis that should be given more emphasis in the resource allocation
and acquisition processes.

Throughout the course of the study, the DRMS has worked closely with the OSD
staff, the military departments, the service staffs, field organizations, the OMB, and
former DoD officials. The report has benefited immensely from the advice and criti-
cism received from those groups, as well as that received from the Defense Organiza-
tion Committee. However, the cooperation of others with the DRMS work in no way
signifies that they endorse this report. Although the report incorporates numerous ob-
servations or comments from others, the Study Director bears the sole responsibility
fo r its c o n te n t. D

Donald B. Rice
Study Director!
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SUMMARY

Direct observation, review of data, and interviews indicate general agreement that
aircraft availability and capability on carriers suffers seriously fr,n inadequate spares
availability. The problem could become more severe in warnime. when several carriers
may be engaged in simultaneous operations involving intense flying activity and
hence increased demands for stock. Prolonged interruptions of resupply from ashore
are to be expected as well. A review of Naval ,arrier-based air support operations sug-
gests that changes in a small. integrated set of resource management policies govern-
ing maintenance. supply, and transportation are likely to improve the wartime effee.
tiveness of Naval aviation. This improvement probably can he achieved at current
support costs, and perhaps even at lower ones.

SOURCES OF THE PROBLEM

Several explanations might account for current spares shortages that affect combat
aircraft availability and capability. One is lack of funding. Another is tihe long lead
times required for remedial action. Still another is the very small scale of much of the
support operation. Although the Navy's flight-deck operations ,,ploit the sinall scale
of its organizations to enhance effectiveness. other aspects of the small scale introduce
inefficiencies and resource management complexities that reduce eflec liveness and in-
crease costs. Consider the following examples:

* The primary source of the scale problem can be attributed to the man' squad-
rons (9-10) that make lip a carrier air wing. Each of these squadrons has f'e%
aircraft (.1-12).

" The niulthi)licitN of small squadrons is further complicated h the separation
of the same aircraft types into different squadrons. which denies shipboard
management some of the hnefits if1" pooling aircraft and su ppoirt resources.

S 'i, peaks andi vallhws in workloads on a carrier have led to the policy of
Tr,'mporary Assigned DutV (TI'I)) peronel being moved from ship to shore
to ollow the workload. This instability of work location is believed to intro-
iuce several inefliciencies.

" In estimating manpower requirements. further inefficiencies are introduced bv
aisigning "r'Al) personnel to squadrons as if each squadron operates in isola-
tion from II others. This policy inhibits cross-utilizalion and cross-training

oppirtunities. with the net result that workIoads faced by TAD personnel are
likil\ to he smaller than if TAD pers-onnel requirements were consolidated.

* 'ii' small workload- faced h ''AI) personnel are further aggravated by the

splintiring of Na\al Vnlisted (lassificat ions (N ECs) into a large number of
specialtis. 'hie small workloads and ithe small populations to meet them are
bi'lieved to creati skill and quality problems.

" 11ii presence oft man\ aircraft types on a carrier, but (nl' a few aircraft of
iach tvpe. limits opportunities for providing a wide range and depth of' spare
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parts. This is especially true for bit and piece (B&P) parts required to repair
shop-replaceable assemblies (SRAs). Limited stowage space and the size of
tile management burden also may limit the range of parts stocked aboard
ship.

0 Queueing difficulties occur at test equipment, which is unreliable and suffers
from its own problems in stockage and skill shortages, partly owing to the
small scale. Solutions to these problems are difficult and their costs seem
large. in view of the small workloads.

The foregoing sources of the scale problem have individually or jointly caused
spares 41ortages. have contributed to increased numbers of aircraft in the status of
"Non-Mission Capable due to Supply" (NMCS). have extended Repair Cycle Times
(RCT). have increased Beyond the Capability of Maintenance (BCM) actions, have
decreased Mean Time Between Failures (MTBF), have caused high Awaiting Parts
(AWP) rates. and have resulted in high support-resource costs, especially for man-
power.

These problems I.ave made it difficult for the carrier to achieve desired levels of
self-sufficiency. As a stop-gap measure, stock is redistributed from one carrier to an.
other to combat spares shortages. However, despite aggressive action by Type Com-
manders to deal with shortages. it remains unclear how long carriers, in the numbers
that some scenarios require, can operate effectively in the face of shortages and resup-
ply interrupts.

Vigorous action needs to be taken to reduce stock shortages that will be a continu-
ing problem for the support system. Besides additional funding and reducing lead
times for obtaining and using this funding to provide more spares, the Navy needs to
press for a more responsive support resource management system.

POLICY ALTERNATIVES

In light of the foregoing, this study discusses an integrated set of resource manage-
ment system alternatives. They are intended to increase carrier aircraft availability
and capability, and do so over an extended resupply interrupt period at given cost lev-
eis. They include the following:

* Consolidation of fighter and light attack squadrons.
* Increasing the scale of repair at AIMDs (Aircraft Intermediate Maintenance

Depart ments) ashore.
" Improved capabilities for redistribution of stock by Type Commanders.
* Establishment of a more responsive transportation system.
* Changes in AIMD manpower requirements and personnel management.
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CONSOLIDATION OF FIGHTER AND LIGHT ATTACK
SQUADRONS

The consolidation of fighter and light attack squadrons would pool aircraft into 24-
UE squadrons, whose availability and capability should exceed that of 12-UE squad-
rons. For example, consolidated squadrons offer more opportunities to reduce the
number of NMCS aircraft. The small groups of hands-on personnel now effectively
used on the flight deck will not be touched by this consolidation, but overhead billets
can be saved. Consolidation will also reduce the number of TAD billets required and
(though not dealt with in this report) probably would also save s,)me non-flight-deck
billets. Thus, while effectiveness is increased, billets are freed up at the same time.
The savings might be used to help defray costs of additional stockage protection.

INCREASING THE SCALE OF AIMD REPAIR ASHORE

The scale of AIMD repair ashore would be increased by moving to it some of the
repair that now takes place on carriers and at depots. To help assure effectiveness
benefits that might accrue from this action, it is suggested that these AIMDs be rede-
signed as production-oriented facilities that support some portion of component repair
(especially Avionics components) from carriers, in addition to repair work for shore-
based operations. A Level-of-Repair Analysis (LORA) that includes such a shore.
based AIMD is likely to substitute AIMD repair for a very large portion of items that
are now repaired at the depot. This will dramatically reduce pipeline times for such
items. Low-frequency repair that now occurs on the carrier is also likely to be moved
to the shore-based AIMD. It is expected that an approximation to the repair of
Weapon Replaceable Assemblies (WRAs) now found in the rotatable pool will re-
main aboard the carrier. Virtually all SRAs and nonrotatable pool WRAs would be
repaired at shore-based AIMDs. Limiting shipboard workloads should simplify supply
and AIMD management and reduce repair cycle times for remaining workloads. At
the shore-based AIMDs, the scaled-up activity should make more bits and pieces and
more SRAs available. It will also promote more effective use of test equipment as
well as more effective skill development through the increased workloads for those
NECs that now see very little action aboard ship. Quality improvements, resulting in
improved reliability, are expected for items repaired at the shore-based AIMDs.

The increased pipelines caused by the non-rotatable pool WRAs as well as all
SRAs being repaired at AIMDs ashore instead of on the carrier would be compen-
sated by: AIMDs ashore repairing many of the items that are now BCM'd to the de-
pot; reduced repair cycle times ashore and afloat; reduced AWP; increased MTBF; an
improved fleet repair priority and distribution system; and reduced manpower costs
through consolidation ashore. A limited analysis for the S-3A indicates that-consid.
ering improvements in AWP, BCM, and RCT only-the increased repair at the
AIMD ashore shows promise of outperforming the current system under conditions of
continuing resupply and for some substantial period of time when resupply is cut off.
With MTBF improvements, with payoff of an improved fleet distribution and repair
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priority systern as discussed in the next paragraph. and with the likelihood of signifi-
cant manpower savings (see below), the alternatives in combination should provide
more serviceables at the aircraft at much less than current costs.

IMPROVED CAPABILITIES FOR REDISTRIBUTION OF STOCK
BY TYPE COMMANDERS

To meet stock shortages. the Type Commander sometimes moves stock from one
carrier to another, depending on relative priority. Using the greater scale of stock re-
paired at shore-based AIMDs. the Type Commander will have more opportunities to
distribute this pooled stock routinely to ship-based and shore-based organizations that
need it the most or are expected to need it. In dynamic environments with changing
priorities and demands for stock, this improved capability could have significant pay-
offs. especially if the variable demands can be forecasted with reasonable accuracy.

Tied to this improved control of stock distribution would be a capability for estab-
lishing repair priorities in light of fleet wide needs. Also, if multiple shore-based
AIMDs that repair similar (common) components are retained, such components are
shipped to those AIMDs that can minimize repair pipelines in accordance with priori-
ties established by this distribution control system. This control is also to assure that
components shipped to depots for repair genuinely require the attention of a depot in-
stead of a shore-based AIMD.

ESTABLISHMENT OF A MORE RESPONSIVE TRANSPORTATION
SYSTEM

'Me current logistics support structure depends heavily on responsive transportation
(including COD aircraft). If carriers are to survive long resupply interrupts. it is espe-
cially important that transportation he responsive when resupply is posiblh. Such re-
sponsiveness will assure that states of readiness will be so high that the carrier will re-
main effective longer when interruption does occur. The Navy is conducling a study
to upgrade Carrier Onboard Delivery (COD) aircraft. An updated CO) capability is
urgently needed. Under the alternative of increased repair ashore, it may be (hat addi-
tional transportation capability will he required because more components are moving
on and off the ship. Although no specific data concerning weight and ,'ube requie-
ments are available at this time, it is estimated that the number of' Wl, As and SIRAs
moving on and off the ship would be approximately double what Ihey are under the
current structure.

CHANGES IN AIMD MANPOWER REQUIREMENTS AND
PERSONNEL MANAGEMENT

Issues of personnel skill, productivity, and retention rates affect the drie fir
greater effectiveness. The associated problems arising from the small scale of the
workload aboard ship should be eased by shifting low-activity workloads to scaled-up,
shore-based AIMDs. The effects of such a shift must be estimated, however.
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The Navy's experimental manpower requirements method, called ACM-02, was
used for workload estimating and permitted estimation of manpower that would be
moved ashore. It also made it possible to estimate the effects of onshore consolidation
of small portions of workload from six carriers. The method also revealed the scale
payoffs of squadron consolidation. For the limited analysis undertaken, various forms
of consolidation promise large savings in manpower. (Independent of consolidation,
significant savings also appear likely as a result of the Navy's using ACM-02 to esti-
mate manpower requirements.) The net effects of these policies thereupon raised ques-
tions about the wisdom of TAD personnel being managed by squadrons. Under the
alternative policies, more of the workload would be brought to people with stable as-
signments at the shore-based AIMDs rather than bringing so many people to the
workload. The smaller populations remaining aboard the carrier would have to be
pooled; their skills could not be allocated equally to each of the squadrons under cur-
rent rules without large increases in carrier manning, which are not justified by the
workload. As an alternative, the shore-based AIMD Commander would assume re-
sponsibility for AIMD personnel. He would negotiate all AIMD manpower require-
ments wherever they might be needed. He would also be responsible for the training
of I-level specialists. To assure that the carrier is indeed favored in manpower assign-
ments, shore-based AIMD Commanders would report to the Type Commanders. and
the shore-based AIMDs would become tenants on the NAS.

Given a dramatic increase in the proportion of AIMD personnel ashore over those
who are ship-based, and given the presumption that sea duty is one of the major rea-
sons for the retention loss of many second-termers, the alternative policies can be ex-
pected to result in more experienced personnel as well as lower training requirements
and costs. A "back of the envelope" analysis is provided to obtain some sense of the
impact of improved reenlistment rates. Given the assumptions made in this analysis.
the payoff in more experienced (and hence more effective) personnel seem large.

It is finally concluded that the set of interrelated policy and management changes
to improve aircraft availability and capability are sufficiently reinforced, by the logic
provided and by the outcomes of the limited analysis, to warrant further staff and
study pursuil by the Navy. It is also suggested that the ideas in the report could have
relevance for other Navy air operations as well as for other Navy platforms.

L A



I. INTRODUCTION

The DRMS review of the resource management system that supports aircraft car-
rier operations found that the outputs of the system, as measured by aircraft availabil-
ity and capability, are less than desired. Much of the problem seemed to be due to
shortages of spares. One obvious solution, then, is to press for more money, and
money probably is the answer for a range of defensible objective functions. However,
the current system seems to be afflicted with enormously long lead times in identify-
ing requirements and ultimately meeting them at the aircraft. The Navy has been
very successful in reducing several of these lead times, but others remain and persist-
ently cause shortages. Under such circumstances, the Navy should not only press hard
on the requirements side, but also step up its continuing reexamination of its resource
management system.

Section II of this report discusses current effectiveness levels. Section III examines
obstacles to effectiveness gains, most of which seem to be related to an aspect of
'scale." Section IV presents an integrated set of policy and organization alternatives,
some of whose details are discussed in Section V, "Organizational Level Mainte-
nance," Section VI, "Maintenance and Supply Performance Explorations," and Sec-
tion VII, 'AIMD Manpower, Organization, and Reenlistment." Section VIII presents
concluding remarks. Appendix A provides some background information to carrier
operations and organization. Appendixes B and C provide manpower details for orga-
nizational and intermediate level maintenance, respectively. Appendix D provides de-
tails regarding potential reenlistment improvements. Appendix E discusses an explora-
tory analysis of a subset of the alternative policies on maintenance and supply per-
formance.

13
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II. CURRENT LEVELS OF AIRCRAFT AVAILABILITY
AND AIRCRAFT CAPABILITY

In a recent orientation visit to an aircraft carrier, data with regard to aircraft avail-
ability, "holes" in aircraft (NORS), and the number of NMCS aircraft were re-
viewed. The data proved disappointing, especially because resources, including spares,
are apparently justified and provided on the basis of the higher activity levels pro-
grammed for wartime.

After the first day of operations, for example, 25 percent of the aircraft had NORS
conditions and about 25 percent of reparable generations were flagged BCM. For the
entire month of June 1978, the average repair turnaround for all work centers on the
carrier was almost 10 days (excluding components in AWP status), and the percent-
age of man-hours utilized was low in most work centers. These apparent problems in
supply and maintenance effectiveness may have been largely due to the carrier's mis-
sion during this period, but they are still cause for concern.

Within the first few days of operation, considerable queuing occurred at equipment
such as Versatile Avionics Shop Test (VAST), partly because of the time required for
fault isolation for each failed component, and partly because of equipment unreliabil-
ity. Furthermore, there seemed to be some concern about bit and piece part availabil-
ity. This brief visit suggested that, despite the relatively low workloads, problems with
supply, skills and test equipment interfered enough with the availability of service-
ables to degrade aircraft availability and capability.

In discussions subsequent to this orientation visit, it was suggested that because of
the carrier's operational mode it was not outfitted with its "full" Aviation Consoli-
dated Allowance List (AVCAL). This raises questions concerning the number of
AVCALs that exist and whether shortages are sufficiently severe to necessitate the
shuffling of stock from one ship or shore installation to another.

A review of 3M data over a six-month period for each aircraft type and for all car-
riers seems to confirm further the need for improvement in aircraft availability and
capability. NMCS numbers indicate that aircraft on deployed carriers are faring much
better on this dimension than aircraft on nondeployed carriers. This suggests that
Navy management is doing well in favoring deployed carriers, but the very need for
this kind of differential treatment in peacetime is a further indication of shortages in
the system. These shortages may worsen with increased wartime activity rates and
with the need to deploy more carriers under some wartime scenarios.

For the most part, interviews with a number of officers revealed a similar concern
over spares and the repair aspects of the system. Other officers seemed less perturbed,
however, on the grounds that only a small number of carriers are likely to be engaged
simultaneously in wartime, and available stock should support them adequately. The
validity of that belief, of course, depends on the scenario.

During a visit to the Aviation Supply Office (ASO), the opinion was volunteered
that poor spares support is basically an issue of "lead times." When new aircraft en-
ter the inventory, initial provisioning of spare parts is very conservative because most

15
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inputs to requirements models are little more than engineering estimates and the
wrong parts could be bought. The opinion was expressed that this caution is appropri.
ate. even though spares support may be poor in the initial years of operational use. In
these initial years. empirical data are gathered for analysis. This turns out to be a pro.
tracted process. Special analyses are required to obtain improved estimates for use in
requirements models. Subsequent procurement must then go through the approval
chain, the POM cycle, the budget, and finally, the procurement lead times. With such
elapsed times, so it is argued. "It's just difficult to catch up." Finally, weapon system
changes cause this cycle to be never-ending.

This point of view is reported here to suggest that remedial action will require
more than additional funds. Because the current system can be characterized as a sys-
tem of shortages. more responsive and effective resource management systems are
needed. The Navy is sensitive to this need. It has several initiatives under way that
seem to deal with the realities at hand. The explorations covered in this paper are in-
tended to do the same. As a matter of fact, the observations made during the carrier
visit mentioned above motivated this particular concern for improving aircraft availa-
bility and capability.



III. SMALL SCALE: A KEY SOURCE OF THE PROBLEM

The resource management system associated with the support of carrier air wings
does not have much scale. This small scale sometimes enhances effectiveness (see Sec.
V), but more typically impedes it. As one might expect, small scale increases costs
per unit; attempting to increase effectiveness without changing scale is likely to in-
volve high costs.

This section discusses various aspects of scale that seem to degrade aircraft availa-
bility and capability. Many of the alternative policies and organizations proposed for
study are based on this discussion.

A carrier air wing has 9 or 10 squadrons, each with a small number of aircraft -
as few as 4 and as many as 12. (See App. A for a more complete picture.) The air-
craft in some aircraft types are split into two squadrons. For example, there are 24
A-7E aircraft split into two squadrons of 12 aircraft each.

Prior to 1971, carriers operated as CVAs (primarily fighter and attack aircraft) or
as CVSs (antisubmarine aircraft). In 1971, all carriers were configured as CVs, giving
them a full spectrum of mission capabilities. This requirement significantly changed
the scale of operations to be supported by the resource management system. Policies
appropriate before 1971 may be less so now.

The large diversity of aircraft types in small squadrons is further complicated by
the peaks and valleys in activity. Work generates aboard a carrier as a function of
whether it is in a deployment mode, at home in port, steaming at sea, etc.

Against this backdrop, some of the problems that arise are discussed for the follow-
ing resources: aircraft, AIMD manpower, test equipment, and stockage and transpor-
tation.

AIRCRAFT

The F-4J or F.14A and the A-7E aircraft are divided into two squadrons for each
of these aircraft types. These dual squadrons within an aircraft type operate rather in-
dependently of one another. Having squadrons made up of 12 UE aircraft rather than
24 gives up some benefits of pooling. The smaller squadron is likely to invite higher
overall NCMS rates and decreased aircraft availability. This possibility is discussed in
greater detail in Sec. V.

AIMD MANPOWER

The Navy has centralized its intermediate maintenance capability aboard aircraft
carriers and at Naval Air Stations. Thus, in contrast to the case of organization-level
(O-level) maintenance, the AIMDs have taken advantage of scale for the significant
permanent portion of the AIMD concerned with overhead anti administrative billets
(control, analysis, quality assurance, division offices, etc.). Some of the other func-
tions of the permanent party are concerned with the maintenance of AGE. PME.
NDT, and VAST.

17
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However, the work of Temporary Assigned Duty (TAD) personnel from each of
the aircraft squadrons who repair components in the AIMDs consists of very small-
scale activities that have not benefited from consolidation. Avionics skills, especially,
are fragmented into a large number of NECs, with a very small number of personnel
within each NEC facing low workloads. These low utilization rates are probably not
conducive to skill development. Also, these small populations within an NEC prob-
ably do not make it easy to justify high levels of technical supervision. Skills vary
across people. Where the populations are large within an NEC, there is a higher likeli-
hood of' being able to match the skills available with job requirements. Because this
likelihood drops considerably when the populations are small, quality as measured by
MTBF is likely to suffer and BCM rates are likely to increase. Despite the fragmenta-
tion of skills, and perhaps because of it, interview data suggest that skill problems oc-
cur aboard ship, and are worsened by the low reenlistment rate among second-term-
ers. It is difficult to enhance effectiveness under such circumstances.

The policy of moving people to workloads ashore and at sea would seem to have its
costs in terms of unstable work environments, which are not conducive to high pro-
ductivity. It seems a doubtful policy to use squadrons to manage these TAD personnel
when such squadrons are not involved in AIMD functions. The logic for doing so is
not clear. The squadron should be free to concentrate exclusively on sortie generation.

Given the small scale of carrier air support, one would expect high manpower costs,
and the squadron orientation seems to increase those costs even more. I-level TAD
personnel work in a consolidated environment, yet they are manned on a squadron
basis as if each squadron would have occasion to work in isolation of the consolidated
environment. Thus an individual unit's intermediate maintenance personnel require-
ments are determined without consideration for the effects of consolidation. Each
squadron of a given type of aircraft has the same number and skill types of I-level
personnel, a practice that fails to take advantage of the scale they can achieve when
working together in the AIMD. 1 Apart from these lost scale opportunities. one would
expect to find some commmonality of skill in certain areas across aircraft of different
types, especially with some modest amounts of cross-training. The effects of such con-
solidation within AIMDs are also largely ignored in determining a squadron's TAD
requirements.

The AIMD manpower area would seem to benefit from improvements in scale to
enhance effectiveness as well as reduce costs.

I It is recognized that squadrons typically negotiate manpower requirements with AIMDs on

ship and ashore and may provide only that marginal increment of people required for the next interval
of time. The residual not required by the AIMD presumably stays with the squadron. The squadron
may use such surplus people to perform other needed functions in the squadrons and/or for training.
This opportunistic ad hoc use of such skilled people deserves examination, especially since this incre-
ment is believed to be large.
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TEST EQUIPMENT

The proliferation of aircraft types on a carrier creates serious test equipment prob-
lems. Having separate equipment for each aircraft type is costly in a number of di-
mensions, including space. The problem can be viewed as one of scale. For this rea-
son the Navy has gone to "general purpose" test equipment such as VAST.

That recourse has caused problems of its own. Test equipment, especially that used
for testing avionics components, has typically turned out to be less reliable than antic-
ipated. It has spares provisioning problems of its own, and skill problems are associ-
ated with its operation and repair. On VAST, for example, set-up times for WRA/
SRA test are substantial. Nevertheless, because of the scale of activity at the AIMD,
there is not much opportunity for batching. In addition, frequent occurrence of AWP
could double requirements for test station time because, after a fault diagnosis has
been done, the item has to be removed from the test station to await availability of re-
quired parts, thus necessitating another set-up time. One indication of the serious
queuing problem being encountered on VAST is cited in the review of minutes of a
recent E-2C meeting under the NORS Improvement Program (NIP). Those minutes
discussed the lack of adequate access to VAST because of higher F-14A, S-3A priori-
ties. As a result, one of the several recommendations made was to provide another
VAST for each carrier.

These test equipment problems extend repair cycle times and increase BCM rates.

STOCKAGE AND TRANSPORTATION

The foregoing discussion of the component repair process indicates that, because of
scale problems, actual BCM rates, repair cycle times, and quality of repair (MTBF)
are not as good as the more "ideal" values typically used in initial-provisioning stock-
age requirements models. This kind of discrepancy would obviously cause stock short-
ages. Those shortages are reflected by the high NMCS percentages. This measure re-
flects not only the amount of spare parts (stock level) on the ship. but also the ability
of the maintenance organization to repair broken components promptly. (It also
should be noted from the foregoing discussion that the policy of having separate
squadrons of the same type may contribute to the high NMCS rates.)

AWP times also prolong repair cycle times. Empirical AWP times are quite long,
for a number of reasons in addition to those discussed above. The small scale of the
operation, given current requirement computation methods, yields zero stock level re-
quirements for many low-demand items. This is especially true of bit and piece parts
required to repair SRAs. This means that even though they are low-demand items,
demands will always occur for some of them. causing an immediate AWP condition.
Another factor that may also limit the range of parts stocked is the stowage space
aboard ship. Clearly, all items required to fix all components cannot be put on one
ship, especially when it supports six or seven aircraft types. This limited range of 4

parts has a "ripple" effect on AWP. For S-3A components, for example, an SRA
typically requires two to five bits and pieces in order to accomplish repair. If one of
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those parts is not on the ship, then the SRA is AWP. In turn, if that SRA is re-
quired to repair a WRA, the WRA is also AWP. There are also limitations aboard
ship in the management of the many bits and pieces that are stocked. As an indica-
tion of the extent of this problem, action is currently under way to provide a special
support package merely to help the carrier store and find its very large number of
piece parts.

Difficult access to repair parts may also prolong repair times. Parts are typically not
stowed in areas or in ways that are convenient to where the repair is being done. As a
result, it takes time to obtain a needed part, and test equipment is tied up until it ar-
rives.

Given stock shortages, an especially responsive transportation system is indicated.
For a carrier to be able to operate during periods of no resupply from ashore, it be-
comes especially important to have a responsive transportation system so that high
states of serviceable spares readiness can be maintained. The Navy recognizes the lim-
itations of the current transportation system, and has a study under way to update its
COD requirements.

Before closing this section, it should be mentioned that systems with particular
kinds of stock shortages may call for special kinds of distribution systems. That topic
is picked up briefly in the next section.



IV. OVERVIEW OF ALTERNATIVE POLICIES AND
ORGANIZATIONS

The following alternative policies and organizations are suggested for review and
analysis.

CONSOLIDATION OF FIGHTER AND LIGHT ATTACK
SQUADRONS

This reorganization is intended to obtain the benefits of aircraft pooling while at
the same time providing the small scale of Autonomous Maintenance Units (AMUs)
to operate the flight deck. The pooling is likely to increase both aircraft availability
and capability by reducing the number of "downed" aircraft as well as reducing
NMCS rates. The consolidation will also save both overhead billets and TAD billets.
Although the possibility is not addressed, it may also save billets in non-flight-deck
aircraft maintenance. (Section V discusses the effectiveness and manpower issues in
O-level maintenance; Sec. VII discusses the effect of squadron consolidation on TAD
billets.)

INCREASING THE SCALE OF AIMD REPAIR ASHORE

Under this policy change, the shore-based AIMD is to provide direct support to car-
riers. The shore-based AIMDs are reorganized to become production-oriented estab-
lishments, each of which is set up to serve a particular aircraft type (see Sec. VII).
One effect of this change will be that some items currently BCM'd to the depot will
be sent to the shore-based AIMD instead. It has been estimated that a high percent-
age of reparables-perhaps 50 to 80 percent-are currently declared BCM although
technically they may not call for depot repair. Because the shore-based AIMD can op-
erate on a much larger scale than the AIMD aboard a single ship, it is likely to mini-
mize problems such as lack of skills, lack of repair parts, and congested test equip-
ment scheduling, which cause reparables to be declared BCM and moved off the ship
in thc first place.

if' a substantial portion of currently BCM'd reparables were moved to shore-based
AIM[),, an immediate gain would be realized because of the difference between the
averag depot repair cycle time and average AIMD repair cycle time, even if we as-
sume the transport time to be unchanged. The former is on the order of 50 days or
more, whereas even in the current structure the latter is around 10 days.

Another suggested change is to move some repair from the ship to the shore-based
AIMD. One option under this change is to retain the repair of rotatable pool WRAs
on the ship, but to move the repair of the rest of the items off the ship to the shore-
based AIMDs. The logic for retaining the repair of rotatable pool WRAs on the ship
is that these items are likely to be the more critical items, as well as being the ones
with higher demands and higher costs. (A more detailed level-of-repair analysis
(LORA) may suggest retaining some variation of the current rotatable pool.) For all

21
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SRAs and for those nonrotatable pool WRAs no longer repaired aboard the ship, ad-
ditional stock will have to he provided to cover the off-ship pipeline times. For the
S-3A, for example, items whose repair is to be moved off the ship under this policy
option constitute only 5 to 10 percent of the dollar value of total demands. Thus the
cost of extra stock will not be overwhelming. (However, in terms of the number of
items, they constitute 40 to 45 percent of the total.)

This action is expected to improve shipboard repair time for rotatable pool WRAs
because of factors such as (1) reduced workloads leading to less queuing for test sta-
tions, and (2) fewer test-station scheduling problems because of the elimination of
SRA-WRA conflicts. As a matter of fact, the S-3A rotatable pool WRAs currently
take less than the average RCT of 9.5 days. With the improved scale at the shore-
based AIMDs, such improvements as less AWP. improved quality (MTBF), and re-
duced repair cycle times are expected.

The consolidation of SRA and nonrotatable pool WRA repair is expected to in-
crease the percentage of total repair personnel at shore-based as opposed to ship-based
AIMDs. to such information. Type Commanders now redistribute stock rhe consolida-
tion. It is not possible at this time to make a direct connection between the repair
moved off the ship and the manpower effect. However, some insight regarding this ef-
fect has been gained by estimating the manpower consequences when moving very
low workloads off the ship.

Section VI provides an exploratory analysis using S-3A data for assessing the costs
and benefits of using AIMDs ashore and afloat in the ways described. The last several
paragraphs in this section, as well as Sec. VII, discuss the manpower and organization
consequences of the options discussed.

IMPROVED CAPABILITIES FOR REDISTRIBUTION OF STOCK
BY THE TYPE COMMANDERS

Given stock shortages, coupled with dynamic demands and changing priorities for
-;tock. effectiveness is likely to increase if the distribution system is sensitive to these
,.,'eds. Distribution systems that are tied to "oldest requisition" kinds of decision
rules are quite appropriate to environments in which there is little change in need
ovcrime. For the more dynimic wartime environment in which shortages exist, it
may be necessary to change priorities frequently in light of changing. as well as antic-
ipated changes in, operational conditions. Decision rules tied to changing operational
conditions require information that may be available at only a few locations. For pur-
poses of this discussion it is assumed that Type Commanders have routine access to
such information. Type Commanders now redistribute stock under special circum-
stances. Under this proposal the Type Commander's capability is upgraded to permit
routine redistribution.

Accordingly, given the shore-based AIMD repair of components for carriers, the
Type Commander is now in a position to decide routinely where to redistribute these
repaired components. In such a system, too. he is able to set up repair priorities to re-
flect fleet-wide needs. If common components are repaired at several AIMDs. he also
is able to direct such components to the AIMD best able to handle the workload. I
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peacetime this distribution system is intended to help maintain high states of readi-
ness. It continues to operate in wartime when resupply continues to be possible. If in-
deed the Type Commander is to operate this redistribution system, rules for allocation
of stock among Type Commanders may have to be reexamined.

The management system needed to support th>.- distribution system should not be
complex; otherwise, the option is not attractive. Simplicity is advisable for a number
of reasons, including the limited information and communications that are likely to
be available in some contingencies.

The payoff of such a distribution system needs to be evaluated. Thus, modeling this
kind of distribution system is recommended to evaluate alternative decision rules, and
to evaluate system performance under an array of operational scenarios to determine
those in which the system has higher and lower payoffs. The model should, of course.
enable comparison of the current and the alternative system. Since models already ex-
ist for such evaluations, it should not be difficult to use or modify one that meets the
Navy's needs. This report contains no further information about this proposal to eval-
uate a dynamic redistribution control system.

ESTABLISHMENT OF A MORE RESPONSIVE TRANSPORTATION
SYSTEM

Both the current system and the alternative system require a very responsive COD
system. Frequent resupply seems necessary to sustain high states of readiness so that
carriers will be able to move into contingencies, be cut off from resupply, and still
sustain themselves for, say, a 30-day period at certain activity rates. There seems to
be a consensus that an upgraded COD syst.-m is required, and there is reason to be-
lieve that the Congress has no quarrel, in principle, with an upgrading. If an effective
COD system is to be justified. however, the specifics of the requirement need to be
defined more clearly. This definition is now under way at the CNA.

Both the current and the alternative systems, then, depend heavily on an effective
transportation system if they are to cope with resupply interrupts. It is not clear
whether the change in maintenance strategies will require a significantly different sys-
tem from that required by the current system. It should be noted, however, that un-
der the maintenance alternatives more components are moving on and off the ship.
At this time no information is available regarding the weight and cube of the compo-
nents to he moved. Nevertheless, it is believed that twice as many components would
be moved under the alternative system.

Parenthetically, it should be noted that, like all such systems, the current transpor-
tation system seems to suffer from long "administrative' delays. Management efforts
to reduce delays could help to alleviate shortages.

Although touched upon in Sec. VI, no further substantive information about trans.
portation system requirements is provided in this report.

i,,. . . . . . . . ..'. . ...l ,,.. .. . .
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AIMD MANPOWER AND PERSONNEL MANAGEMENT

The modified policies discussed above obviously have important manpower implica-
tions. The result of these alternatives is that a much larger portion of the AIMD popu-
lation is shore-based than is currently the case. The newly designed shore-based
AIMDs are consolidated into scaled-up, production-oriented facilities by aircraft type.
(Whether or not there should be an AIMD for some high volume of common items
has not been addressed.) These facilities are expected to produce higher-quality out-
puts. They are also expected to raise second-term reenlistment rates because fewer
personnel will be required aboard ship.

Much of this report's quantitative manpower assessment was accomplished with a
newly developed model called ACM-02, developed by the Navy Manpower and Mate-
rial Analysis Center, Atlantic (NAVMMACLANT). Aspects of the model are de-
scribed in App. C. The model uses historical man-hour data from the 3-M system to
estimate workloads. It turns out that man-hours in areas such as the Avionics NECs
are small - so small as to suggest that manpower needed for meeting the requirement
is of the "firehouse" type rather thar manning against specific workloads. These
small workloads are consistent with the general theme of this paper. With the many
different aircraft types and the skill-splintering that has occurred, the small scale in
the man-hour data is not surprising.

Section VI, backed up by detailed information in Apps. B and C, presents some
selected analyses of the manpower effects of the foregoing policies. For example, the
savings resulting from squadron consolidation are estimated for several kinds of func-
tions. Section VI also discusses the effect of moving very low man-hour skills off the
ship and consolidating them at shore-based AIMDs. Some of the numbers disclosed
are dramatic, but they should be interpreted cautiously. For example, the low-man-
hour skills hypothesized for consolidation ashore may not bear a one-to-one relation-
ship with the skills required to repair the components hypothesized for repair ashore.
Furthermore. there are comments about the detailed procedures and rules used by
ACM-02 that require resolution before the workloads and manpower savings can be
accepted without question. Nevertheless, the direction of data presented appears to be
very consistent with the central issue of scale raised by this report.

Section VI also discusses a proposed organizational change of TAD personnel to
improve their management. Finally. some analysis is presented concerning the expec-
tation that reenlistment rates will be improved.



V. ABOARD-SHIP ORGANIZATIONAL LEVEL
MAINTENANCE

Aircraft in the Navy are assigned to squadrons that may xssess as t'ew aS four air-
craft. These squadrons own the aircraft, provide the pilots and other crew, members.
and perform organizational level (0-level) maintenance. Although carrier anti Na~al
Air Station operations involve multiple squadrons of the same or different typcs uf
aircraft operating together. each squadron is manned and equipped to operate inde-
pendently. Aboard ship the scale of each squadron is very small. This small scale ap-
pears to enhance effectiveness for some purposes and to inhibit it for others. Each as-
pect will he discussed in turn.

Some squadron personnel operate on the flight deck. During operations. plane cap-
tains, troubleshooters, and ordnance load crews are on the flight deck to mot, air-
craft, arm them, and respond quickly to aircraft malfunctions. A cadre of ship's corn-
pany personnel support the individual squadron's organizational people in their opera-
tions. These flight deck personnel operate the catapults anti recovery devices. to1\,4
munitions, operate some of the ground support equipment. and coordinate and oier-
see flight deck operations.

Flight deck activities seem to attest to the productivit. of small. "'self-suflicient"

squadrons. Specialists are used on the flight deck as troubleshooters to help assure
availability of aircraft. They assist plane captains as needed. Team activit, reaches
high levels. Safely techniqutes art widely practiced and ilthe control of flight deck opcr-
ations by senior officers is impressive. The high degree of coordination results in
fairly high sortie rates, and a carrierIs peacetime operalions represent sonic importanlt
segment of the wartime operation.2

Because the current organizational structure. despite its small scale. appears to Ibe
paying off in sortli prod uction, it would II riot be wise to make an ,% imnportanut
changes in it. However. somec aspects of les<' srnall squadrons, as discussed in the
next svv eral iparagraphs. appear sonet inies to detract from etl'ccti eness.Alhough a carrier- air wing will have two s -ilions of ci'rta i ypes ot' aiiiatt (I -

4.1 or I"-1 .A and A- 71F). 'aCh spquadron performs its missin apar from. nd ill stlnlt

ways in cool pvI tilioli wilh. its sister squadron. As a result. ea'li squadr o will haq' its
owni NMCS aircraft, and freuertllv no attlllpt is Inade" to minimize the total ndiil'r
of' NM(.S aircraft across lhe mulliple squadrois of a singli Iv,. Thrs. )n' squadrn
inay have. hut may not routielI make available, a compoinent that maIN fi\ a hole ii
a sister squnadrn's aircrafl. The olal effecliv'eness of' Ile' twit squadios in he-is of
ready aircrafl is IuIrif're reidtii'd.

2 i is inleresting it) nole Iiat ihe Air Ft-ice's tacti-al thir'es are Iransiioning 14, a tligtt -line or-

ganizalion caled I)M() that begins Io appr,\imaie the Na', tlight deck, sstiIn. In the Iransition to
PO). many 1 irehems are heing eneouniereid. Though Ihe Carriers emliironnieni is differnt - it i-
neveriheless quite likely Ihal the Air Force routd benefit from a detaited unerstanding of the Na',"
system.

2 5
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Mission scheduling is also somewhat complicated by the separate squadrons, as the
scheduler must allocate the required sorties between the two squadrons. The fighter
and light attack sorties must be balanced between the two squadrons while attempting
to compensate for the different aircraft availabilities of each squadron.

Although most commanders are likely to overcome the problems created by main-
taining separate squadrons in wartime, it seems unwise to practice and reinforce sepa-
rateness in peacetime, especially in view of the need to enhance effectiveness.

Manpower diseconomies also arise because each squadron has a full organizational
structure. Figure B-1 in App. B shows the structure of organizational maintenance,
and Table B-I shows the squadron manpower requirements as reflected by the air-
craft's Squadron Manpower Documents (SQMDs). The effect of the decentralized en-
vironment can be seen in the number of personnel required in the overhead work
centers (O\X). The 187 people shown in Table B-1 contrast with the approximately
30 people required for the same work centers in the consolidated AIMD aboard a car-
rier.

The form of consolidation indicated is to combine the two 12-aircraft squadrons 4
into one 24-aircraft squadron for each of the fighter and light attack communities.
Such an organization would place all aircraft of a type under a central control, and
would require fewer personnel in many areas. Given consolidation, the directed man-
ning positions and the fixed portion of the standard equations of Table B-2 should re-
sult in manpower savings. As indicated above, this effect is now realized in the cen-
tralized AIDs as well as in the large (30 or more liE) Replacement Air Groups
(RAGs). or training organizations.

Although the current squadron organization seems to enhance effectiveness in flight
deck operations, the lack of aircraft pooling across squadrons of the same type seems
to detract from aircraft availability and capability. Furthermore, opportunities for sav.

ing overhead billets are currently lost.
It seems possible to consolidate squadrons so that the small groups of hands-on

people on the flight deck remain untouched while aircraft pooling benefits and scale
economics for overhead billets are attained.

The I)RMS recognizes that various forms of squadron consolidation have been pro-
posed by outside agencies and by the Navy itself. The status quo also has its defend-
ers. For example. a key argument in favor of maintaining two separate squadrons in
the F-4.1. F-14A. and A-7E cases is that doing so keeps units at a "'manageable" size.
That argument carries weight in view of the impressive flight deck operations that
seem to result in part from small scale. However. under Ihe two-AMIls-wilhin.
a-squadron concepl. the small scale can prevail despite squadron consolidation. And
the healthy competition that should arise between the two AMls would generate the
same sort of' esprit de corps now attributed to the separate squadrons. It is true that
some number of command billets will be lost under the squadron consolidation being
suggested. and the Navv may consider this a serious limitation; but ile Navy should

also consider the counterbalancing gains in aircraft availability and capability, and in
overhead reductions.
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It is fairly easy to estimate the gains in NMCS reductions due to aircraft pooling,
given a number of simplifying assumptions; estimating the payoff in improved mis-
sion scheduling due to aircraft pooling is likely to be difficult. In any event, this study
has not attempted quantitative measurement of the gains in effectiveness due to
squadron consolidation, but has estimated potential manpower savings by using the
requirements standards for organizational maintenance functions. These equations for
the overhead work centers are shown in Table B-2 along with the manpower require-
ments for an F-14A and an A-7E squadron.

These overhead work centers are not the only work centers affected by consolida-
tion. Two other work centers, indicated by the AMU structure, should also realize sav-
ing. from consolidation: 130, Aviators Equipment; and 230, Armament. Table B-3
summarizes the manpower savings for these work centers. Adding a 14 percent factor
for support personnel. (based on the percentage of "integrated services" personnel in
Table B-I). the total manpower savings would be 65 billets per carrier air wing.

Another area that would benefit from the consolidated workload is the intermediate
level (I-level) TAD billets in a squadron (the AIMD values in Table B-I). This area is
discussed in Sec. VII. Further manpower savings may also accrue in other work cen-
ters not directly associated with the flight deck; however, that possibility is not pur-
sued in this report.

Before closing out this discussion of O-level maintenance, a comment should be
made about scheduled maintenance that is performed at the O-level. Initial thinking
about this topic suggested that aircraft availability could be increased and costs re-
duced if scheduled inspections were reduced, performed while ashore, and deferred
during a contingency. Since that time, more has been learned about the Navy's "'reli-
ability centered maintenance program." which is likely to reduce inspections. Also,
information has become available suggesting that policies do exist that permit deferral
during wartime. As a result, this topic will not be addressed further. We will merely
mention in passing that a fairly extensive literature has become available recently
about the negative contributions of inspections and techniques for reducing them. If
these studies have not come to the attention of the Navy, a review of them may be
useful. Also, since the U.S. Air Force's F-4 has had a fairly productive program for
dealing with scheduled maintenance, the Navy may wish to visit the Ogden Air logis-
tics Center to determine whether their past and ongoing programs are relevant to the
Navy. The Navv may also find it useful to do a comparative analysis of its F-4 sched-
lihed maintenance program with that of the Air Force.



VI. MAINTENANCE AND SUPPLY PERFORMANCE
EXPLORATIONS: AN S-3A EXAMPLE

This section extracts from App. E the results of some initial analysis of the per-
formance implications deriving from the problems faced by the current maintenance
and supply structure. In addition, the exploratory analysis provides performance com-
parisons between the current structure and the structural alternatives previously sug-
gested. Two alternatives were analyzed: that of moving some component repair (SRAs
and nonrotatable pool WRAs) from the ship to a shore-based AIMD, and that of di-
verting some portion of BCM components to that AIMD.

These analyses should be regarded as preliminary, not exhaustive. The intent is to
provide sufficient analysis and a relevant methodological approach to warrant further
investigation into these alternatives. Given this purpose, only data for the S-3A were
explored.

It should be emphasized that this extract provides only a small slice of App. E's de-
tailed information about these performance explorations, which the reader is urged to
review.

The supply portion of the S-3A exploratory analysis was performed with a dynamic
queuing model of shipboard and shore-based repair. That is, mathematical expressions
were derived describing the average number of components in the various parts of the
supply pipeline-ship repair, depot repair, transportation, etc. - as a function of
time. With this description of the pipeline quantities, it was then possible to compute
measures of performance, such as the number of components backordered, and an ap-
proximation to the number of aircraft NMCS. Of key importance was the fact that
measures were computed and shown as a function of time. Traditional analysis of sup-
ply performance has usually concentrated on more limited queuing results called the
"steady state" performance. Steady-state measures are usually simpler, computation-
ally more tractable, and probably sufficient for investigating peacetime performance.
In this analysis, the focal interest is in the potential performance of the alternative
structures under wartime conditions; consequently, the additional effort has been
made to model and compute the measures under wartime dynamics, such as the tran-
sition to wartime flying rates and pipeline interruptions.

Several runs were made with this model in order to provide performance estimates
of the current structure under a number of conditions. Most of these runs suggest

that, under projected wartime activity rates, the dependence on shipboard repair of
SRAs for WRA repair and on bits and pieces for SRA repair diminishes the self-suf-
ficiency of the S-3A squadron.

Other model runs simulated the cutoff of depot resupply at the beginning of a war.
Here it was observed that when either AWP due to SRA limitations only or AWP
that also includes bit-and-piece (B&P) effects are considered, the NMCS rate rises
rapidly after the start of wartime activity. In the latter case, for example, a 30 percent
NMCS rate is reached by the 30th day of wartime activity and a 50 percent NMCS

29
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rate is reached by the 60th day. In this cutoff case, where self-protection ;n most im-
portant, it is clear that because of the small scale of operation both the range and
depth of B&P stock and SRA stock inhibit the self-sufficiency of carrier operation
that is supposedly obtained with shipboard intermediate level repair. Within a few
days after cutoff, shortages in B&P stock appear and affect the repair time of SRAs.
This in turn causes shortages of SRA components as they sit in the repair pipeline in
AWP condition. These shortages affect the repair time of the WRAs, draw down the
WRA spares, and holes in aircraft ultimately appear, leading to loss of capability and
NMCS conditions.

The results obtained for the current system were then compared with the results for
an "equal stockage cost" alternative system in which only rotatable pool WRAs con-
tinued to be repaired aboard ship, and other WRAs and all SRAs were repaired
ashore. Furthermore, BCM work to the depot was reduced by 50 percent. That re-
duced work at the depot was undertaken by the shore-based AIMD. Under these al-
ternatives, the benefits assumed were limited to the reduction in AWP, BCM rates,
and repair-cycle time at the AIMDs ashore and afloat. The exploratory analysis found
that the alternatives show promise of outperforming the current structure under condi-
tions of continuing resupply and for an important period of time when resupply is cut
off.

The details of all of these runs appear in App. E. It should be emphasized that the
more complete range of benefits that are expected from the alternative system has not
been included in this exploratory S-3A analysis. For example, the manpower savings
that are likely to result from these particular alternatives (see Sec. VII) have not been
included in the exploratory analysis. Such inclusion would, of course, provide further
support for the alternatives.



VII. AIMD MANPOWER, ORGANIZATION, AND
REENLISTMENT

Much of the information discussed in this section is drawn from App. C. The prin-
cipal information deals with a manpower requirements analysis related to some of the
alternatives. There is also a discussion of AIMD personnel management as well as an
analysis of the potential impact on personnel retention.

One of the alternatives discussed above was the consolidation of squadrons having
aircraft of the same type. Such a consolidation affects TAD requirements because per-
sonnel requirements are currently established for each squadron in isolation.

The Navy's ACM-02 technique for estimating manpower requirements was used in
helping to make this assessment. The technique has the advantage of being reproduc-
ible. It is not in operational use, however. The Navy's current method for estimating
manpower requirements as reflected in SQMDs appears to be largely subjective.

As can be seen from Table C-19 in App. C, the total TAD billets required for the
non-avionics work centers on a single carrier, according to ACM-02, are 18 and 14,
respectively, for two 12-UE F-14A squadrons and two 12-UE A7-E squadrons. The
grand total here is 32, but when consolidated into 24-UE squadrons the total is 20-a
savings of 12 billets that can be attributed to consolidation. It turns out that the
Navy's total Squadron Manpower Document (SQMD) requirement for these four
squadrons is 50, so the potential requirements savings due to the use of the ACM-02
and consolidation is 30 billets. (The Navy is not manned to its statement of require-
ments.)

Table C-20 provides similar data for the avionics work centers. In this case, the
ACM-02 requirement for the four squadrons is 86; after consolidation it is 50-a sav-
ing of 36 billets. The Navy's SQMD requirements statement for these four squadrons
being 134, ACM-02 plus consolidation saves 84 billets per carrier.

The foregoing suggests that consolidation of squadrons could save a total of 48 bil-
lets per carrier (12 non-avionics billets and 36 avionics billets). For the 12 carriers
the total would be 576.

The more interesting case involves the removal of certain repairs from the ship-
based to the shore-based AIMD. It was intended that this pilot exercise approximate
the manpower effects under the option of the removal of all SRA work and all work
for WRAs that are not in the rotatable pool. It is assumed that nonrotatable pool
items have low demands and would coincide roughly with low-activity NECs. Thus, it
was decided to remove all billets that had less than ten man-hours of work per week
(as calculated by ACM.02).

Before putting bottom lines together, it is instructive to review the weekly
workloads for the Communication/Navigation shop NECs under each aircraft, as
shown in Table 1, which is an extract from Table C-5.

The weekly workload column represents man-hours expended as captured by the
3-M system and assembled by ACM-02. Aboardship personnel are expected to be
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Table 1 -Communications/navigation shop workloads

by aircraft type and NEC
Weekly Weekly

workload workload
Acft NEC (man-hours) Acft NEC (man-hours)

F-14 ET 1447 .9 A-6E/ ET 1447 .6
KA-6D

AT 6604 1.0 AT 6604 46.0
AT 6605 1.5 AT 6605 16.8
AT 6607 .1 AT 6606 16.2
AT 6609 15.1 AT 6607 1.7
AT 6611 9.4 AT 6608 2.4
AT 6612 5.8 AT 6609 .2
Other 3.8 AT 6611 4.7

A-7E ET 1447 .8 AT 6612 0
AT 6604 0 Other 7.6
AT 6605 15.7 EA-6B ET 1447 .4
AT 6607 2.1 (EX- AT 6604 21.9

CAP)
AT 6608 .1 AT 6605 4.2
AT 6609 10.7 AT 6606 6.8
AT 6611 21.9 AT 6607 .4
AT 6612 18.6 AT 6609 .1
AT 6617 20.9 AT 6611 2.8
Other 8.5 AT 6612 0

Other 3.4
E-2C ET 1447 .1 S-3A ET 1447 .3

AT 6604 .1 AT 6604 0
AT 6605 0 AT 6605 .3
AT 6606 2.7 AT 6607 .4
AT 6607 0 AT 6608 0
AT 6609 2.5 AT 6609 4.5
AT 6611 9.6 AT 6611 .3
AT 6612 2.8 AT 6612 .9
AT 6633 0 Other 1.7
Other 5.0

Note: This is an extract only. See App. C for the complete table, Table C.5.b.

available for work 60 hours a week. The man-hours shown in this extract can be justi-
fiably labeled as "firehouse" manning. For those who suggest underreporting by the
3-M system, it would have to be underreporting by very a large factor indeed to make
a difference in the numbers of personnel that would be required for each NEC. For
those who have been puzzled that the ACM-02 method is insensitive to flying activity.
again this table provides the explanation. It is simply difficult to increase activity rates
by the amounts necessary to significantly change personnel requirements decisions.
Also, our assumption that a ten-hour-a-week rule would result in roughly the same
manpower decisions as the "rotatable" pool option is probably somewhat off the
mark. It would seem, from the many tables similar to this one in App. C. that there
is simply not much activity generated within each of the NECs. Thus. rotatable pool
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repair is also likely to suffer from low man-hours worked. The small scale is even less
than anticipated.

Before going on. another extract from Table C-5 is provided below as Table 2. In
this case the NEC workloads have been summed across aircraft types. These numbers
too do not seem very large. However, one wonders whether the Navy has considered
cross-training across aircraft and across NECs. It is likely that some such cross-train-
ing does, in fact. exist for some personnel. Current manpower requirements estima-
tions apparently do not take such realities into account.

In any event, these data suggest that some very high costs are being paid for ship-
board repair. Becoming more efficient about estimating manpower requirements
within the current structure may aggravate some of the issues of scale discussed at the
outset of the report. As suggested earlier, alternative support structures need to be ex-
amined to overcome these scale effects. Perhaps it would be more economical and
more effective to consider options in addition to the rotatable pool option for repair
ashore in the further analysis of this area.

Table 3 summarizes, by work center, the number of billets that will remain on ship
and the number that will be removed. This summary was obtained from the details in
Tables C-12 through C-18, which show the consequences when the ten-hour rule is
applied to each NEC for each aircraft type in each work center. In addition to show-
ing which NECs would move off the ship, a comparison is made between the Navy's
statements of requirement in SQMDs and the requirement derived from the workload
as computed by ACM-02. This workload is divided by the appropriate availability

Table 2-Comm/naVY workloads by NEC aggregated across aircraft types

Weekly
workload

NEC (man hours) NEC description

ET 1447 3.5 Communication Security Devices Equip. (KY-28) Tech

AT 6604 69.0 Integrated COMM/NAV/IFF IMA Tech
AT 6605 40.9 Aircraft Navigation Equipment IMA Tech

AT 6606 30.9 Aircraft Doppler Radar Navigation IMA Tech

AT 6607 4.7 Digital Data Link Communication IMA Tech

AT 6608 11.4 Aircraft Navigation Computers IMA Tech

AT 6609 38.9 Aircraft Electronic Identification (IFF) IMA Tech
AT 6611 59.0 Aircraft Communication Equipment IMA Tech

AT 6612 33.6 Aircraft TACAN Maintenance IMA Tech

AT 6617 20.9 APN-190 Doppler Radar Nay. & APM-341 (V) PGSE
Tech

AT 6633 0 Communication Security Devices Equip. (KG.23) Tech
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Table 3-Manpower implications of moving selected avionics
workloads to shore-based AIMD's

Billets remaining Billets moved to shore-
aboard each ship based AIMD's from 6 carriers1

(consolidated)

ACM-02 ACM-02
SQMD workloao SOMD workload

Work center requirements derived 2  requirements derived 3

Corn/Nay 14 9 228 31
Elec/Instru 11 5 48 8
Fire control 18 6 ..........

Radar/ECM 12 8 138 16
SACEAnertial Nay 29 13 114 18
VAST 31 9 ..........

ASW 2 1 12 2

Total 117 51 540 75

1 Criterion: ACM-02 workloads of less than 10 man-hours/week/workcenter.
2Workload man-hours/week; 60 man-hours available/week.
3 Workload man-hours/week; 31.9 man-hours available/week.

(Shore = 31.9 hours/week; Sea = 60 hours/week). When a workload is moved
ashore it is assumed that it will be consolidated with similar workloads from six carri-
ers.

From Table 3, a 2:1 difference can be seen in requirements for billets remaining
aboard ship as measured by SQMD requirements in contrast to the ACM.02 require-
ment. Of the 66 billets saved, about 20 per carrier result from consolidation of billets
from the squadrons with same aircraft types. It is not unlikely that upon closer exami-
nation the carrier would have to have some additional billets to support shift and "po-
sition manning" in some NECs. (Position manning is merely the number of person-
nel required to operate, for example, test equipment independent of low workloads.)
Another 465 billets are saved by consolidating the work of six carriers in shore-based
AIMDs. The total effect in this latter kind bf consolidation is extremely large-over
7:1. The following aggregation might be useful:

L



DRMS LOGISTICS SUPPORT ALTERNATIVES 35[SQMD statement of avionics TAD requirements for 6 carriers 1,242
Personnel remaining on 6 carriers after consolidation 306
Personnel moved to shore AIMDs for consolidated workload 75
Manpower savings for 6 carriers 861

These numbers do not take into account the effect on permanent party personnel at
the shipboard AIMD. The consolidation is limited to avionics work coming from the
six carriers. It obviously does not take into account the workload situation at the
shore-based AIMDs. Obviously, too, the workloads consolidated do not take into ac-
count the work that would not go to depot because a sizeable number of the compo-
nents now BCM'd to the depot would be repaired at the shore-based AIMDs.

One might wish to know what the authorized number of Avionics personnel is in
contrast to the SQMD requirements statement of 1242 shown above. From Table C-2
it can be seen that the Navy requirement for Avionics is about 70 percent of the total
TAD requirement. During a visit to a CV, it was noted that about 230 TAD person-
nel were authorized; 70 percent of 230 would suggest that about 161 Avionics per-
sonnel were authorized. If so, then the 1242 requirements number would be more
like 966 (161 x 6). Thus, the manpower savings for the six carriers using the very ap-
proximate authorized number would be on the order of 585.

From the point of view of adding more workload and personnel scale 1o the shore-
based AMIDs, the total of 75 billets across all work centers and across all aircraft
types seems trivial. Additional means for increasing the scale of these shore-hased
AIMDs need to be explored. Depots perform considerable I-level work associated with
aircraft rework activities. That 1-level work is subject to relocation to AIMI)s. It may
also be cost-effective to consolidate several of the shore-based AIMDs. These possibili-
ties have not been addressed at all.

Also, as suggested above, it is likely that some of the rotatable pool repair of
WRAs have NEC requirements of less than ten man-hours per week. It will not be
possible to move such billets to the shore-based AIMD. Thus, under the rolabe-pool,
repair-on-carrier option, low-activity NECs will continue to remain aboard the carrier.
That suggests that the cross-training issue does indeed need to he addressed. This low.
activity NEC problem may exist in some areas at the shore-based AIMs. In those
cases, in addition to cross-training, it may be worthwhile to investigate whether it
makes sense to organize some of the shore-based AJMDs as specialized repair facili-
ties, to enable specialization in the repair of particular components across weapon sys-
tems.

The wisdom of having TAD personnel within squadrons is questionable. An attrac-
tive alternative would be to transfer responsibility for TAD personnel management

I
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from the operational squadrons to the shore-based AIMD Commander. Within a given
Type Command, all I-level personnel for a given type of aircraft would represent a
pool of specialists available for deployment. These personnel could be ranked accord-

ing to training status, proficiency, time since last deployment, and preference for sea
duty, to indicate a sequence of assignment for the next deployment. Negotiations be-
tween the carrier AIMD Commander, who represents the demand, and the aircraft's
home-base AIMD Commander, who represents the supply, would decide which per-
sonnel would be assigned to the carrier for the deployment. To assure that the shore-

based Commander will act in the best interests of the carriers, he should report to the
Type Commander and his shore-based AIMD should be tenanted on the NAS.

Such a system would ensure that the assignment would be equitable to all parties
concerned: the CV AIMD, the NAS AIMD, and the I-level personnel. The potential
benefits may be far-reaching. Currently, TAD levels are fixed by squadron, a practice
that may result in excess repair capacity. Nevertheless, the current TAD system does
not provide the flexibility to match resources to requirements. The central control of
available resources could provide that flexibility, with the mechanism available to as-
sign the proper number of personnel to satisfy an anticipated demand, plus the capa-
bility of augmenting those personnel if the need arose.

A possibly higher payoff of having AIMDs ashore in control of all I-level repair
personnel is the capability of assigning the properly trained people. Currently, squad-
rons are assigned TAD people to fill certain billets. The assigned personnel may or
may not have the proper skills when they report. It is the squadrons' responsibility, in
conjunction with an AIMD or Fleet Replacement Aviation Maintenance Program
(FRAMP), to provide the training channels. A common complaint of I-level manage-
ment is the lack of proficiency of many squadron TAD personnel. A central TAD
personnel manager could ensure that personnel assigned to CVs were properly skilled,
and could retain at a shore AIMD those men that require training.

A third benefit arises from the possibility of requiring less sea duty of a number of
personnel. Currently, TAD people stay with a squadron, and when the squadron de-
ploys, the I-level repairman also deploys. With a dramatic increase in the proportion

of shore-based AIMD personnel required over those who are ship-based, the number
of sea tours required will be reduced dramatically. Sea duty may be one of the major
reasons for the retention loss of personnel. With sea tours reduced, personnel who de-
sire to deploy may be allowed to do so more frequently; the remaining personnel
would be required for deployment less frequently. This practice could increase reten-

tion, provide more experienced personnel, and lower training requirements and costs.
A "back-of-the-envelope" analysis was accomplished to assess the impact of im-

proved reenlistment rates. That analysis is reported in App. D. It presumes that sea
duty is partly responsible for low second-term reenlistment rates for technical I-level
shipboard ratings. Therefore, those rates are expected to improve if the majority of
the technical ratings are moved from shipborne AIMDs to consolidated shore-based
AIMDs. This would especially be true if such consolidation permitted manning ship
AIMDs exclusively with volunteers, or if the remaining ship AIMDs were so small a
proportion of the total force that sea duty would become an infrequent event.

L i
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Appendix D provides some rough estimates of the payoff from improved retention.
To make the estimates, the second-term reenlistment rate for the Training Device
(TD) rating was substituted for the second-term rate for the Aviation Electrician
(AE), Fire Control (AQ), and Electronics (AT) ratings. The TD rating represents
both a highly technical rating and one that is almost exclusively shore-based. Second-
term reenlistment rates similar to that for the Training Devices rating are also seen
for I-level electronic specialties in the Air Force.

The following four tables summarize App. D. Table 4 provides current reenlistment
statistics. Table 5 summarizes the expected reduction in recruitment and training of
first-term ratings. Table 6 summarizes the expected reduction in training for advanced
courses. Table 7 indicates the expected increase in skilled technicians (those with
more than eight years service) that results from improved second-term reenlistment
rates.

Overall, the net benefits are:

* 13 percent annual reduction in recruits required and their training;
* 15 percent annual reduction in advanced AIMD training billets;
* 40 percent increase in the proportion of the force with more than 8 years ser-

vice (a measure of increased effectiveness).

In concluding this section, a word might be said about the potential loss in flexi-
bility by moving more and more to a system that is increasingly dependent on stock
for avionics systems. Despite the very persuasive array of data that has been assem-
bled that suggests the need to reassess current management and management prac-
tices, some officers may rightly wonder about the "flexibility of manpower" losses
that might occur with the exchange of stock for manpower. It might be useful to note

Table 4-Navy reenlistment rates by selected ratings
through August FY 1978

Reenlistment rateAuthorized
Rating personnel First-term Second-term

AE 8,800 .251 .45

AQ 3,327 .38 .24
AT 11.656 .64 .37
TD 2,102 .83 .62

Sources: MAPMIS Report 1133-4229, PERS-212 CREO Management Report,
and CNO enlisted requirements plan.
1 Contains 6-year obligated tour lengths. Actual first-term rate is lower.
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Table 5-Reduction in recruiting and technical training
loads for selected ratings

With higher Percent
Rating Current reenlistments Reduction reduction

AE 1,386 1,283 103 7
AQ 503 399 104 21
AT 1,240 1,030 210 17

Total 3,129 2,712 417 13

Table 6-Reduction in advanced training loads for
selected ratings

With higher Percent

Rating Current reenlistments Reduction reduction

AE 347 321 26 7
AO 191 152 39 20
AT 793 659 134 17

Total 1,331 1,132 199 15

Table 7-Proportion of selected ratings with more
than 8 years service

With higher PercentRating Current reenlistments improvement

AE .21 .27 33
AQ .17 .34 100
AT .30 .42 40

Total .25 .35 40

that the nature of avionics systems in advanced weapon systems has reduced the flex-
ibility of manpower. The specialist has much less latitude to base a diagnosis and re-
pair on his own initiative. experience, and intelligence. Technological advances have
turned avionics systems into digital, interactive, and integrated systems. They have
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become very dependent on highly automated test equipment (ATE) for in-flight diag-
nosis, AIMD repair, and depot repair. No longer does a pilot describe a malfunction-
ing piece of equipment to maintenance personnel, who proceed to troubleshoot the
equipment. Instead, a built-in test equipment light signals a malfunction to the main-
tenance crew, who remove the indicated item of equipment and arrange for it to be
moved to the AIMD. There the equipment is subjected to a complete standard test on
ATE. If it fails the test, the indicated plug-in modules are replaced and the test is re-
peated. If the equipment cannot be repaired, it is sent to the depot, where ATE is
used in a similar fashion by more experienced people.

This growth of ATE at all echelons of repair standardizes testing, but it almost
completely cuts off communication between the levels of maintenance, and it places
total reliance on the fault-isolation capability of the ATE. The flexibility of manpower
is reduced while the skill levels required to maintain and use the test equipment have
increased. Under such circumstances the carrier's captain should value the availability
of stock all the more, for it contributes directly to aircraft availability and capability.



VIII. CONCLUDING REMARKS

This DRMS case study affects a large number of support areas. In the analysis of
performance in the supply area, given the described changes in location of some re-
pair and the assumptions about expected maintenance improvements, very important
reinforcement to the alternatives seems to have been provided. In the manpower area.
too, sufficient data have been assembled to reinforce the alternatives. Other aspects of
the support system have been logically discussed, still others have been merely
touched upon, and probably some have not been mentioned at all. For example. the
case study is silent about the potential need for military construction funds for the
suggested increased scale of AIMDs ashore. The case study has also been largely si-
lent regarding the impact of the alternatives on the depot system. Nevertheless, the
information assembled does seem to warrant continued aggressive staff and study pur-
suit by the Navy.

It should be emphasized that most of this report's information and comments have
been principally concerned with aircraft avionics systems of carrier AIMDs. with
some limited attention to the current state of shore-based AIMDs. The report could
have relevance for all other Naval air operations, however. Some of the ideas could
also have implications for other platforms within the Navy.
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Appendix A
BACKGROUND TO CARRIER AIR WING OPERATIONS

AND ORGANIZATION

The Navy currently operates 13 aircraft carriers, 7 on the East Coast and 6 on the
West Coast. Each carrie- has assigned a carrier air wing composed of squadrons of
different types of aircraft. The squadrons deploy with the ship and are stationed at Na-
val Air Stations when the ship is in port for refurbishment or overhaul. A single Na.
val Air Station on each coast acts as the home base for aircraft of a particular type.
For example, Oceana on the East Coast and Miramar on the West Coast are the bases
assigned to fighters (F-4J, F-14A).

A carrier will have 9 or 10 squadrons of up to 8 different types of aircraft, with a
total planned load of approximately 90 aircraft. The typical mix of aircraft on board a
carrier is shown in Table A-i. Prior to 1971, carriers operated as CVAs (primarily
fighter and attack aircraft) or as CVSs (antisubmarine aircraft). In 1971, the decision
was made to configure all carriers as CVs, giving them a full spectrum of mission ca-
pabilities. However, spaee constraints caused problems with accommodating all the
various aircraft, and carriers currently operate with less than their full complement of
assigned aircraft. On the East Coast, a squadron will leave behind a few of its aircraft.
For example, fighter squadrons will deploy with only 10 of their 12 UE. On the West
Coast, one squadron of fighter or light attack (A-7E) aircraft will be offloaded and op-
erate from a nearby shore installation. Therefore, although a carrier theoretically has
90 or more aircraft, only about 75 will be on board at a given time.

When operating, a carrier spends about half the time in port and half at sea con-
ducting air operations. Table A-2 shows a three-month operational schedule for the
Saratoga (CV-60). Flight operations typically last 12 hours, but sometimes continue

Table A-I-Typical aircraft mix in a carrier air wing

Number of Aircraft
Aircraft type squadrons per squadron Total aircraft

F-4J or F-14A 2 12 24
A-71E 2 12 24
A-6E/KA-6D 1 10/4 14
EA-6B 1 4 4
E-2C 1 4 4
S-3H 1 10 10
SH-3H 1 8 8

Total 9 88

Note: Carriers are also assigned a photo/recce squadron. These aircraft are currently RA-5Cs
but are scheduled to be replaced by F-14s carrying photo/recce pods. During peacetime, these
squadrons are rarely deployed on board ship.

42



DRMS LOGISTICS SUPPORT ALTERNATIVES 43

Table A-2.-USS SARATOGA operations

November, 1977: 14 days at sea
01-02 Atsea
03-15 Patina do Mallorca. Spain
16-27 At sea
28-30 Malaga, Spain

December, 1977: 15 days at sea
01-04 Malaga, Spain
0"-O At sea
09.11 Rota, Spain
12-22 At sea
23-31 Mayport, Florida

June, 1978: 12 days at sea
01-06 Mayport, Florida
07.09 Sea trial
10-21 Mayport, Florida
22-30 At sea REFTRA

for 24 or 36 hours. Operations are conducted in hour-and-a-half cycles, with lpro~i-
matefy) a half-hour for launch, a half-hour f'or recoverv. and a half-hour for re'sp4ottim
the flight deck and refueling and refurbishing the aircraft. A launch cycle inmolke 20
to 25 sorties of various missions. Typical launches include 4 to 6 fighter szortles. tto
6 light and 4 to 6 heavy attack sorties. I tanker. I E-2. 1 or 2 EA-6. 2 helicopter.
and 3 to 5 S-3A sorties.1 Although all 4 catapults can be used almost sit allant-oush.
under ideal conditions, only one aircraft can be recovered at a time.

The operational squadrons own the aircraft, provide the pilots and other r%
members, and perform organizational level maintenance. A dail% flighat schedule tells;
the squadrons how many and what types of sorties are requiredl. The squadrons trans;-
late these requirements to specific tail numbers. In the case of' lighlt anld lightl attack
aircraft, the scheduler attempts to balance the sortie reqluiremnents betien the tuo
squadrons, taking into account any problems a squadron mnav lhai %%ith doi n air-
craft. The, squadrons compete. each 'one tr-Ying to ''outlflY.. its sister squadron.

All squadrons are similarly organized according to guidelines in the Nmanil
ual. the hbiblde" for Nav'alI a viation ma in t etnn. Thliis organ imzit ua I st rutur Ia s
shown in Fig. (3-1. During opera t ions, the apprpri ate plane eapla ils. Tlhe're aren aasia-
ally two plane captain per aira raft lo provid e 2. -hou mr a'erage. I roiileshoat ers - and
ordnance load crews ,are psi ioe on la' 1  the flight dleck to amma' anal armii a rerat't and

Alfit iu gla rno,1 dircrata. uniless refu'lu' rsim the tanker, rin flv lI0r onlk 1- 112 Ilnr,-. a ha S-.3
anal F..2 aira-ral't avan Im' airhai rna lai 



,44 NAVY CARRIER-BASED AIR UNITS

respond quickly to any malfunctions. (There are usually two plane captains per air-
craft to provide 24.hour coverage.) The troubleshooters are specialists who can diag-
nose breaks and try to remedy the situation before the aircraft is scheduled for
launch. If a break cannot be fixed in time. the aircraft is moved to the side of the
flight deck (the "trash- pile) and replaced with a ready aircraft if one is available.
Downed aircraft are repaired on the flight deck by O-level personnel or moved, via
the elevators, to the hangar deck for repair. The hangar deck is used to repair air-
craft, perform scheduled maintenance and corrosion control, and store aircraft when
space is tight on the flight deck. Because of space constraints and the large number of
aircraft on board the carrier, problems occasionally arise in getting to an available air-
craft or in finding a suitable space to do repair work.

A cadre of ship's company personnel support the squadrons' organizational people
in their operations. They operate the catapults and recovery devices, move munitions,
operate some of the ground support equipment (GSE). and coordinate and oversee the
overall flight deck operations. O-level maintenance is basically remove-and-replace.
The O-level therefore interacts with the supply system. If a needed component is not
available from supply, is not critical to the mission, and does not affect safety of
flight, the aircraft will fly with a -hole" in it. Otherwise, an aircraft that is already
down or is undergoing scheduled maintenance will be cannibalized or will go to a
down status.

The supply system is supported by intermediate level (I-level) maintenance. The
Aircraft Intermediate Maintenance Department (AIMD) is made up of a fixed cadre
of personnel who provide administrative and control functions, maintain the test
equipment and GSE (yellow flight deck gear), and perform some maintenance tasks
(oil analysis, NDT). These permanent ship personnel are supplemented by mainte-
nance specialists assigned from the squadrons that the AIMD supports. (Squadrons
must also provide support personnel for supply, medical services, food services, laun-
dry, and security.) AIMDs also exist at Naval Air Stations and have similar compo-
nents of permanent and temporary personnel. The TAD (Temporary Assigned Duty)
maintenance personnel from the squadrons are therefore placed where the workload
is (carrier or shore). The structure of the AIMDs afloat and ashore is shown in Figs.
C-1 and C-2. The Saratoga has an allocation of 163 permanent personnel and 230
squadron TAD maintenance men. By comparison, the AIMD at Miramar NAS, the
largest AIMD in the Navy, has 530 permanent personnel (of whom about 200 are
from the aircraft operational detachment support group) and from 275 to 350 TAD
squadron personnel to support approximately 360 aircraft (approximately 250 on sta-
tion at a given time; the rest are in the depot or are deployed).



Appendix B
ORGANIZATIONAL LEVEL MAINTENANCE

Figure B-1 shows the structure of organizational maintenance, and Table B-1 shows
the squadron manpower requirements as reflected by the aircraft's Squadron Man-
power Documents (SQMDs). The effect of the decentralized environment can be seen
in the number of personnel required in the overhead work centers (OXX). The 187
people shown in Table B-1 contrast to the approximately 30 personnel required for
the same work centers in the consolidated Aircraft Intermediate Maintenance Depart-
ment (AIMD) aboard a carrier.

Effectiveness gains and manpower savings should be realized by adopting some
form of consolidation at the organizational level. Proposals for consolidation of orga-
nizational duties are not new and have been suggested by outside agencies as well as
by the Navy itself. A recent GAO studyt investigating below-depot-level maintenance
in all the services attempted to show the inefficiencies and duplications in the Navy's
current organizational structure. A study of compartment requirements for new carri-
ers conducted by the Naval Air Engineering Center2 recotu ,"nded investigating the
effects of combining two 12-UE fighter or light attack s idrons into one 24-UE
squadron. Also, the Navy completed a detailed study3 in December 1973 on consoli-
dating maintenance for shore-based patrol aircraft squadrons. The results of the "Pro-
posed Reorganization Plan" (PROP) suggested economic advantages in addition to
improved products, improved aircraft availability, and improved morale. After evalu-
ating the study, the Navy rejected the suggested new organization. The Navy even
suggests a consolidated organizational structure in the NAMP Manual. 4 The structure
of this unit, composed of Autonomous Maintenance Units (AMUs) (Fig. B-i) is in-
tended for large readiness and training squadrons or squadrons with multiple aircraft
types.

Standard equations for the overhead work centers are shown in Table B-2 along
with the manpower requirements for an F-14A and an A-7E squadron.

One form of consolidation is to combine the two ] 2-aircraft squadrons into one
24-aircraft squadron for the fighter and light attack communities. Such an organiza-
tion would place all like aircraft under a central control in addition to requiring fewer
personnel in many areas. If the two squadrons are combined, the directed manning
positions and the fixed portion of the standard equations of Table B-2 should result in

Iproductivity of Military Below.Depot Maintenance-Repairs Less Compler than Provided at

Depots-Can be Improved. Comptroller General of the United States. LCD-75-422. July 29. 1975.
2 Aviation Maintenance Facility and Manning Study for CVN-71 Design. (DILSIE

#LD38421A). R. Bruce et al.. Naval Air Engineering Center. Lakehurst, N.J.. December 1976.
3 The study originated at Moffet Field Naval Air Station and is mentioned in the above refer-

enced GAO report. However. no documentation has been found describing the study or the test re-

suits.
4 Naal Aviation Maintenance Program Manual. OPNAVINST 4790.2a, December 1977.

45



46 NAVY CARRIER-BASED AIR UNITS

z,-40

3z

zZ

c 0

4;4

u~ cn

c Z w

<U I-< z

E w

0

Uz
c 

c

z

W z

z 00
0 x x - m4

z<

-0



DRMS LOGISTICS SUPPORT ALTERNATIVES 47

Table B-1.-Organizational manpower requirements of a carrier air wing

Component F-14A A-7E A6I/KA-6 EA-6B E-2C S-3A SH-3H Total'

Number of squadrons 2 2 1 1 1 1 1 9
Number of aircraft 24 24 14 4 4 10 8 38
010 Maintenance off 2 2 1 1 1 1 1 9
020 Maint/mat control 12 14 7 6 6 6 7 58
030 Maint admin 2 2 1 1 1 1 1 9
040 Quality assurance 18 16 9 7 7 8 7 72
050 Material control 8 6 3 2 3 3 3 28
060 Dta analysis 2 2 1 1 1 1 1 9
100 Aircraft division 2 2 1 1 1 1 1 9
110 Powe plants 30 26 17 8 8 13 8 110
120 Airframe 34 36 21 8 11 19 9 138
121 Corrosion control 18 18 7 4 6 8 4 65
130 Aviators equip 4 8 4 2 1 6 2 27
t3l Safety equip 16 14 7 6 3 9 1 56
140 Planned maint 2 4 2 1 0 1 1 11
200 Avionics/arm div 2 2 1 1 1 1 2 10
210 Electronics 28 22 11 17 12 22 11 123
211 Elec fire control 30 28 11 0 0 0 0 69
220 Electrical inst 34 24 14 6 9 23 7 117
230 Armament 28 52 23 2 0 10 6 121
300 Line division 2 2 1 1 1 0 1 8
310 Plane captains 52 54 35 11 10 24 20 206
320 Trouble shooters 10 12 6 5 0 0 0 33
Integrated services' 68 52 41 21 19 25 20 246
AIMD 3  78 56 46 38 22 37 18 295

Total 480 454 270 150 123 219 131 1829

Source; The particular Squadron's Manning Documents. The SQMO includes pilots in the work centers to petform some administtative duties.
The pi ots are not included in thee numbers.

Does not include photoltecce squadron.
'Personnel assigned to support functions such as supply, mess, and laundry.

TenWpoay Duty personnel to AMD

manpower savings. This effect is realized in the centralized AIMDs and in the large
(30 or more UE) Replacement Air Groups (RAGs), or training organizations.

The overhead work centers should not be the only ones affected by a consolidation.
Scale should also lessen manpower in the production work centers, if for no other
reason than to reduce total supervisory requirements and other Administrative Sup-
port hours. Two work centers, indicated by the AMU structure (Fig. B-2), that should
realize savings from consolidation are 130, Aviators Equipment and 230, Armament.
The majority of the Aviators Equipment Workload 5 is involved with keeping abreast
of safety requirements (AS workload). A consolidated squadron should realize a sav-
ings of two people for the F-14A and three people for the A-7E. The Armament peo-
pie maintain the aircraft's ejection racks and upload the munitions. This work center
is manned on the basis of the maximum number of load crews required and the aver-
age size per load crew. However, minimum manned levels are specified that typically
exceed the computed values. That is, the total hours for maintenance and other (AS,

5 For the F-14A, work center 130 has a weekly PM and CM workload of 12.7 hours of a total
119 hours; for the A.7E, the maintenance workload is 41.3 hours of a total 189 hours.

,,r ... ... ... • ' .. ...... ...ill - =_I
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Table B-2-Overhead work centers manpower
requirements methodology

Number of

personnel
per squadron

Work center Requirements methodology F-14 A-7

010 Maint officer One person assigned 1 1

020 Maint/mat control People = (No. of shifts + 1) +
124.6715 +.3652 (FH) 6 7

Availability

030 Maint admin One person assigned 1 1

040 Quality assurance Eight people of various ratings1  9 8

050 Material control People = 57.7481 + .3625(FH)(RF) 4 3
Availability

060 Data analysis One person assigned 1 1

100 Aircraft division One person assigned 1 1

140 Planned maint Number of people is a function of 1 2
AS workload; typically one person

200 Avionics/Arm div One person assigned 1 1

300 Line division One person assigned 1 1

Total 26 26

Note: Variables:
FH = flying hours per squadron per week
RF = requisition factor; F-14 = 1.9962, A-7 = 1.2723
Availability at sea = 63 hours per week
Number of shifts on carrier = 2
AS = administrative support

1 May vary by one or two people because of unique aircraft equipment.

FM, UT) hours are converted to personnel requirements and compared with some
minimum manning value. For the F-14A squadron, the hourly data indicate a re-
quirement of I I people, but 14 per squadron are assigned; for the A-7E, the numbers
are 22 and 26. Assuming a consolidated squadron would require only the personnel
indicated by the workload. three people for the F-14A and four for the A-7E could be
saved. The Aviators Equipment and Armament work centers could therefore require
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12 fewer people by combining squadrons. The manpower savings for these work cen-
ters and for the overhead work centers are summarized in Table B-3.

Adding a 14 percent factor for support personnel (based on the percentage of inte-
grated services personnel in Table B-1), the total manpower savings would be 65 bil-
lets per carrier air wing.

Consolidation may also yield manpower savings in the non-flight deck work cen-
ters. However, it is difficult to measure potential savings without a more detailed anal-
ysis and a more thorough understanding of the appropriate workloads. It should be
noted that the SQMD methodology for determining O-level requirements provides no
means for estimating savings due to this kind of consolidation; a revised method
would have to be developed. One additional area that would benefit from the consoli-
dated workload is the I-level TAD billets in a squadron (the AIMD values in Table
B-1). This area is discussed in detail in Appendix C.

Ii
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Table B-3-Work-center manpower savings
through squadron consolidation

Work center F-14A A-7E

010 1 1
020 7 9
030 1 1
040 9 8
050 7 5
060 1 1
100 1 1
130 2 5
140 1 1
200 1 1
230 25 48
300 1 1

Total 57 82 per 24-UE squadron
84 112 for two 1 2-U E squadrons
27 30 personnelI savings



Appendix C
INTERMEDIATE LEVEL MAINTENANCE: MANPOWER

REQUIREMENTS

OVERVIEW

This appendix describes intermediate level maintenance concepts for Naval aircraft
as well as manpower requirements determination. Current manpower requirements
are compared with those generated from ACM-02,1 a new requirements determina-
tion "model." for the current intermediate maintenance concept and for proposed al-
ternative policies and organizations. These alternatives involve (1) removing some re-
pair actions from the carriers and consolidating them at shore facilities, and (2) esti-
mating manpower requirements for like aircraft squadrons (F-4J, F-14A, A-7E) on
the basis of total workload rather than individual squadron workload.

NAVY INTERMEDIATE MAINTENANCE CONCEPT

Unlike organizational maintenance, in which operating squadrons are manned and
equipped to operate independently, the Navy has attempted to take advantage of their
operating environment by centralizing intermediate maintenance aboard aircraft carri-
ers and at Naval Air Stations. The Aircraft Intermediate Maintenance Departments
(AIMDs) operate with a fixed component of administrative, planning, ,,. support
equipment maintenance personnel augmented by I-level repair specialists temporarily
assigned from the indiN idual squadrons that the AIMD supports. I-level maintenance
interacts informally with the operational squadrons. Its primary mission is to provide
serviceables to the supply system.

Every carrier (CVs and LPHs) and most Navy and Marine Air Stations and Air
Facilities have an AIMD capable of repairing components from all the aircraft colo-
cated with it. An AIMD typically comprises seven divisions: Overhead and Adminis-
tration (OXX), Power Plants (4XX), Airframes (5XX), Avionics (6XX), Armament
(7XX), Aviators Equipment (8XX), and Ground Support Equipment (9XX). Each di-
vision is composed of numerous shops or work centers, their numbers and types be-
ing a function of the size of the AIMD, the type of workload, and the management
philosophy of the commanding officer. Some establishments have only 2 or 3 shops
in a division, whereas others may have 8 to 10. The organizational structure of
AIMDs ashore and afloat is shown in Figs. C-1 and C-2.

The permanent portion of the AIMD fills the overhead and administrative slots
(control, analysis, quality assurance, division offices, etc.). mans the (;round Support

1 Work Center Stafng Standards: Aircraft Maintenance-Perform Intermediate Aircraft Mainte-
nance-ACM-02 NAVMACLANT, January 13. 1978.
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Figure C-1. Intermediate level maintenance department organization (afloat.
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Figure C-2. Intermediate level maintenance department organization aehorel).
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Equipment (GSE) work centers, provides maintenance for support and test equip-
ment. and performs certain other maintenance functions (PME, NDT, VAST). The
Temporary Assigned Duty (TAD) personnel from the operating squadrons provide the
shop repair capability for the components from the aircraft squadrons they represent.
These I-level repair personnel move with the squadron as it transitions from ship to
shore and are assigned to the AIMD where the aircraft are located. Conceptually,
these personnel move to the location (ship or shore AIMD) where the workload is be-
ing generated. Although belonging to a particular squadron, the TAD personnel lose
their squadron identity when assigned to an AIMD and will perform maintenance on
components from any aircraft or squadron for which they have repair capability.

A carrier AIMD will have requirements for 175 to 200 permanent personnel and
approximately 300 TAD personnel. The size of an AIMD at a Naval Air Station will
depend on the numbers and types of aircraft assigned. Miramar's AIMD, the largest
in the Navy, has approximately 900 people, of whom 325 are TAD from squadrons,
330 are permanent station personnel, and around 200 are permanently assigned from
the aircraft operational detachment support group (training squadrons, shore-based
aircraft, etc.). Miramar supports approximately 250 aircraft at any given time.

AIMD MANPOWER REQUIREMENTS DETERMINATION

Historically, AIMD personnel requirements have been determined by subjective
judgment backed up with a handful of quantitative data. Personnel levels tend to re-
main constant or increase as new aircraft are added. These requirements estimates are
inputs to the Squadron Manpower Document (SQMD) TAD, and each squadron of a
given aircraft type has the same number and skill level of personnel. However, the
Navy Manpower and Material Analysis Center, Atlantic (NAVMMACLANT) was
tasked by the CNO to develop a new model for analytically determining personnel re-
quirements for each AIMD. The model has not yet been implemented 2 within the
Navy, and the exact effects on requirements are not known. Initial reactions to ACM-
02 are that personnel requirements not only will decrease in quantity, but also will
change in terms of grade levels assigned (lower grade levels will result from ACM-
02).

The ACM-02 methodology mans the permanently assigned overhead and supervi-
sion shops with directed billets (a fixed number of personnel) or with standard equa-
tions relating hours to number of aircraft supported. The GSE work centers and cer-
tain other production work centers, such as PME, are manned on the basis of the sup-
port equipment maintenance workload previously experienced by the AIMD. The pro-
duction work centers' workload is a function of the number and types of aircraft sup-
ported and the support equipment maintenance workload.

Each aircraft in the Navy inventory is assigned a figure for I-level mainlenance

2 ACM-02 is currently going through an update and reevaluation of a number of the factors and

equations contained in the model. The factors and resulting manpower requirements given in this ap-
pendix are based on the model as it currently exists.

I I • 0-



DRMS LOGISTICS SUPPORT ALTERNATIVES 55

man-hours per month or b-value.3 This b-value is multiplied by the number of aircraft
and summed across all aircraft types to arrive at the total maintenance workload for
an AIMD. An aircraft's workload is apportioned to work centers on the basis of its
percent contribution to the total workload as observed in historical data. Each AIMD
(all carriers are treated the same and coded as CV) has a unique estimate based on its
historical data. Support equipment hours are added to the aircraft maintenance hours
to arrive at total maintenance workload. Each work center has a support equipment
table that lists the hours applicable to each AIMD. Administrative Support (AS)
hours are then added to arrive at total workload. AS hours are calculated as a func-
tion of maintenance hours, with the function varying for each division. Total
workload is then divided by the appropriate availability (shore = 31.9 hours/week;
sea = 60 hours/week) to arrive at manpower requirements. Manpower is further
broken out by skill levels (NECs) required. The need rather than workload for partic-
ular NEGs tends to drive manpower requirements in avionics work centers because
workloads within NEC, tend to be small. The model factors are derived from 3-M
data. A year's worth of data are used, and ACM-02 factors are to be updated annu-
ally. The b-values are developed from all intermediate maintenance workload, both
sea and shore, attributed to a given type of aircraft.

The ACM-02 methodology is intended to determine total requirements for each
AIMD. To translate the total requirements to a squadron's TAD personnel, the
SQMD analyst computes deployed requirements for each squadron separately and
then adds them up to obtain the total TAD requirements. Thus, ACM-02 continues to
provide each squadron of a given type of aircraft with the same number and types of
personnel as if each squadron is to operate independently of the others.

AIMD PERSONNEL REQUIREMENTS-CURRENT AND ACM-02

Current AIMD personnel requirements, as outlined in the appropriate manpower
documents, can be compared with the results of the ACM-02 methodology io high-
light the effect of the analytical model. Table C-I gives these personnel figures for the
permanent portion of a number of carrier AIMI)s, and Table C-2 shows personnel re-
luirements for the TAI) billets of a carrier air wing. The ACM-02 values represent

drastic reductions from the requirements as currently stated (approximately 40 per-
cent less for both the permanent cadre and the TAD portion). A number of reasons
contribute to thi!s apparently large difference. The ACM-02 requirements for the per-
mancnt portion (Table C-I) reflect only aircraft-maintenance-related billets. Addi-
tional workload, and therefore additional billets, are required for ship-related func-
tions such as work parties. watch-standing requirements, and the like. These addi-
tional billets arc not reflected in the ACM-02 values, since separate billets are autho-
rized for these ship-related functions. Apparently, however, since shortages sometimes
occur in these kinds of billets, the subjectivity of the current manpower requirements

'3 An aircraft's maintenance man-hours are independent of the flying program, the argument be-
ing the lack of a meaningful relationship between flying hours and workload.

i



4"

56 NAVY CARRIER.BASED AIR UNITS

method may add billets into the current manpower numbers to cover such shortages.
Some observers believe that this subjectivity takes into account the fact that require-
ments statements are typically not met. and therefore may inflate these requirements
accordingly. ACM-02 builds no such slack into its requirements estimation. It is in-
teresting that the ACM-02 requirements are only slightly less (approximately 10 per-
cent) than the current assigned permanent AIMD personnel onboard CVs.

The current TAD values in Table C-2 are requirements as stated in the SQMDs.
Requirements typically exceed authorizations, which in turn exceed assignments.
Again. ACM-02 attempts to predict actual personnel needs without regard to the real-
ity that authorizations and assignments may not meet requirements. This point may
account for some of the difference in the values shown in Table C-2. However, the
more significant difference is in the statement of particular skill requirements. As will
be highlighted shortly, a large number of billets, especially in the Avionics work cen-
ters. are driven by the requirement for specific NECs rather than by the actual
workload. ACM-02 attempts to compensate for these skill-driven requirements by
coding TAD billets with dual NECs. That is, rather than having two billets with sepa-
rate skills (say, an AT 6606 and an AT 6611), ACM-02 will require only one billet
(an AT 6606/6611) if the workload does not justify the two separate billets.

Another point should be mentioned in regard to a squadron's TAD personnel and
the number of I-level specialists actually sent to the AIMD. Before a carrier goes on
deployment, the AIMD and the squadrons' commanding officers negotiate which peo-
ple will actually be assigned to the intermediate facility during the cruise. Residual

Table C-i-Permanent carrier AIMD personnel under

current method and ACM-02

Current 1  ACM-02

Carrier 4XX, 6XX, 4XX, 6XX,
Division OXX 5XX,8XX 7XX 9XX Total OXX 5XX,8XX 7XX 9XX Total

FORRESTAL 29 38 83 32 182 26 23 27 37 113

SARATOGA 35 35 71 38 173 26 23 27 37 113

INDEPENDENCE 23 46 95 32 196 26 23 27 37 113

AMERICA 33 35 85 48 201 26 25 28 37 116

EISENHOWER 27 45 106 33 211 26 24 28 37 115

KENNEDY 26 41 97 43 207 26 24 28 37 115

t Source: Manpower Authorization, OPNAV 1000/2, for appropriate CV.

4
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TAD personnel not required by the AIMDs often remain with the squadron to per-
form organizational level functions or are left behind at a shore AIMD. Therefore, an
AIMD typically will not require all the TAD personnel assigned to a squadron. This
is especially true in the F-14A/F.4J/A-7E communities, since each squadron will
have the same number and types of TAD people, with one squadron's personnel often
being sufficient to handle the workload of the two squadrons in a carrier air wing.

In summary. ACM-02 suggests that fewer personnel are required in both the per-
manent and TAD portions of an AIMD than are specified in currently stated require-
ments. The model uses workload, as reported in the 3-M system, as a basis for these
manpower calculations. ACM-02 is a systematic method that in effect defines pre-
cisely how manpower requirements are to be estimated. It is likely to have weak-
nesses, such as inaccuracies of the 3-M inputs to the model, but its strength lies in its
ability to communicate precisely how it operates so that identifiable weaknesses can
be dealt with. Its reproducibility then makes it a model to be preferred over the more
subjective current requirements statements. Its use in this effort to assess alternative
policies and organizations seems justified, especially since its logic is reasonable
enough and reasonable steps have been taken to assure that the 3-M data used are
fairly consistent with observation and interview data. ACM-02 represents a useful step
in formulating an analytical model for estimating personnel requirements.

DETAILED INTERMEDIATE MAINTENANCE WORKLOAD

To determine the implications for personnel requirements due to changes in the
current intermediate maintenance philosophy, it is necessary to understand the rela-
tionship between workload and personnel. Table C-3 shows the AIMD work center
workloads for a carrier air wing as defined by the ACM-02 model. These workloads
are related to the current and ACM-02 TAD personnel requirements for the non-avi-
onics areas in Table C-4 and for each of the Avionics work centers in Tables C-5
through C-l. The first portion of Tables C-5 through C-11 match the TAD require-
ments as shown in the SQMDs and as indicated by ACM-02 with the weekly
workloads for each type of aircraft. Also given are the Support Equipment Mainte-
nance (SM) and Administrative Support (AS) workloads generated by ACM-02 and
the number of permanent personnel in the appropriate work center. The second part
of each table breaks an aircraft's total workload into the workload requiring specific
skills (NECs). These NEC workloads are matched with prersonnel requirements. The
final part of Tables C-5 through C-11 show the total workload across all aircraft for
each NEC.

The ACM-02 model is curremtly being updated and refined, and the update is
likely to affect the maintenance wti.k-Kads. At this time, however, the only measure
of AIMD workload readily available is that defined by the current version of ACM-
02. The bottom-line results of the analysis thai follows depend, of course, on the
workloads that are used in the analysis. However, the skill fragmentation causes such
small workloads for many avionics skills that a change in the workload values may in-
dicate only slight changes in resulting manpower requirements.



I
DRMS LOGISTICS SUPPORT ALTERNATIVES 59

Table C-3.-ACM-02 definition of AIMD aircraft workload

temn F-14 A-7E A-6E KA-6D EA-6B E-2C S-3A SH-3H Total

No. acft (X)' 24 24 10 4 4 4 10 8 88
b2 243.0 154.3 202.3 156.0 414.4 219.4 223.2 105.5 -

Jet eng 335.2 192.5 74.3 29.7 53.6 21.7 124.9 44.7 876.6
Test cell 37.4 2.3 3.3 0.8 2.4 0 0 0 46.2
Aux fuel st 0.4 61.2 7.9 2.9 0 0 0 0 72.4
Struct 23.7 38.2 17.5 9.5 13.3 4.6 22.0 15.4 144.2
Hydlpneu 49.0 49.2 20.1 7.9 13.3 9.4 11.4 11.7 172.0
Tire/wheel 56.6 24.6 10.1 3.1 13.3 3.9 20.7 6.4 138.7
NDT 46.0 4.0 3.2 1.1 2.0 2.8 3.5 1.4 64.0
Commlnav 37.6 99.3 65.5 30.7 40.0 22.8 8.4 44.6 348.9
Eleclinst 24.5 60.3 56.6 27.6 11.2 12.8 12.0 45.0 250.0
Fire control 160.6 102.1 0 0 0 0 0 0 262.7
Radar ECM 56.1 33.7 23.5 7.8 147.3 43.4 15.0 0 326.8
SACE/INS 57.0 133.5 120.6 10.0 45.8 13.6 10.0 0 390.5
VAST 225.6 0 0 0 0 51.2 227.8 0 504.6
ASW 0 0 0 0 0 0 3.2 21.8 25.0
Module repair 108.8 4.3 40.9 6.4 17.2 11.7 18.7 1.5 209.5
Ordnance 60.1 35.6 8.7 2.9 1.8 0 5.4 0 114.5
Parach/float 24.5 6.0 7.8 1.1 8.3 2.6 21.9 1.0 73.2
Escapelenvir 14.6 0.6 1.3 0.2 1.5 0.3 1.4 0.2 20.1
LOX 23.6 4.1 4.1 1.8 10.2 0.9 6.8 0 51.5

Total work3 1341.3 851.7 465.3 143.5 381.2 201.8 513.3 194.1 4092.2

Theoretical number of aircraft assigned to a carrier.
Monthly I-level workload per aircraft.
Total weekly workload for all aircraft of a given type. model, and series. Total work (X)(b)14.348.

The workload values in Tables C-3 through C-11 represent the total aircraft mainte-
nance workload for a carrier AIMD. As carrier air groups transfer to the shore estab-

lishments, their workload also transfers from the ship to the shore AIMD. However,
the Naval Air Station's AIMD will also receive work from any training, readiness, or
nondeployable squadrons located on the base. As noted, for carrier AIMi)s, shore-
based AIMDs are also expected to have low workloads for avionics NECs, and there-
fore fewer personnel will be required. The results of the following analysis are there-
fore somewhat conservative. Consideration of the total workload ashore, as well as
afloat, should result in higher personnel savings.
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IMPLICATIONS OF TRANSFERRING I-LEVEL WORKLOAD

The DRMS study recommends that the Navy consider transferring a portion of the
1-level repair action from CVs to shore-based AIMDs. Such a strategy offers savings
in the number of personnel required because of economies of scale, and an increase
in personnel productivity. The measures of productivity increase are discussed in the
main body of the report. This appendix deals only with the issue of personnel savings
due to consolidation.

As can be seen from Tables C-5 through C-11, many personnel in the Avionics
work centers have weekly workload demands far short of a full workweek. This is pri-
marily caused by the many different aircraft types and the high degree of skill frag-
mentation both within and across aircraft systems. The personnel implications of con-
solidating some carrier repair actions at a centralized shore AIMD arise from the po-
tential of combining multiple small workloads so that a few people can handle them,
instead of the many personnel across the carriers. Of course, the level of personnel
savings is a function of which repair actions are transferred and the corresponding
workload for those repair actions.

Table C-5-Communications/navigation shop
workload and manpower requirements
(Typical CV)

a. By aircraft type

TAD requirementsWeekly
workload

Aircraft (man hours) Current ACM-02

F-14A 37.6 12 6
A-7E 99.3 10 10
A-6E 65.5( 8 5
KA-6D 30.78
EA-6B 40.0 8 4
E-2C 22.8 5 5
S-3A 8.4 3 2
SH-3H 44.6 6 3

Total 348.9 52 35

Note: SM hours = 44.6
AS hours = 3.1
Total workload = 426.6
Permanent party:
Current 7 to 10
ACM-02 7 to 10
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Table C-5-Communilations/nvigetlon shop workload and manpower requirments
(Typical CV) (oont'd)

b. By aircraft type and NEC

Weekly TAD requirements Weekly TAD requirements
workload workload

Acft NEC inen hours) Current ACM-02 Acti NEC inen hours) Current ACM-02

F-14 ET 1447 .9 0 0 EA-68 ET 1447 .4 0 0
AT 6604 1.0 0 0
AT 6605 1,5 0 22 (EX- AT 6604 21.9 0 1'
AT 6607 .1 2 2' CAP) AT 6605 4.2 1 1
AT 6609 15.1 2 2 AT 6606 6.8 1 13
AT 6611 9.4 4 2' AT 6607 .4 1 1
AT 6612 5.8 4 22 AT 6609 .1 1 1'
other 3.8 0 0 AT 6611 2.8 2 1'

AT 6612 0 1 1,
A-7E ET 1447 .8 0 0 other 3.4 1 0AT 6604 0 0 0

AT 6605 15.7 0 2 S-3A ET 1447 .3 0 0
AT 6607 2.1 2 2' AT 6604 0 0 0
AT 6608 .1 0 0 AT 6605 .3 0 0
AT 6609 10.7 0 2 AT 6607 .4 12 1'
AT 6611 21.9 2 2' AT 6608 0 0 0
AT 6612 18.6 2 2 AT 6609 4.5 2' 1'
AT 6617 20.9 2 2 AT 6611 .3 1, 12
other 8.5 2 0 AT 6612 .9 2' 1'

E-2C ET 1447 .1 0 0 other 1.7 0 0

AT 6604 .1 0 0 SH-3H ET 1447 .4 0 0
AT 6605 0 0 1 AT 6605 2.4 1 1'
AT 6606 2.7 1' 1 AT 6606 5.2 1 12
AT 6607 0 1' 12 AT 6608 8.9 1 1'
AT 6609 2.5 1 1'
AT 6611 9.6 1 12 AT 6609 5.8 0 1'

AT 6612 2.8 1 1' AT 6611 10.3 1 12

AT 6633 0 1 1 AT 6612 5.5 1 1'

other 5.0 0 0 other 6.1 1 0

A-6E1 ET 1447 .6 0 0
KA-6D AT 6604 46.0 3 1'

AT 6605 16.8 1 12

AT 6606 16.2 1 13

AT 6607 1.7 1 1

AT 6608 2.4 1 1
AT 6609 .2 0 1
AT 6611 4.7 0 1

AT 6612 0 1 1'

other 7.6 0 0

Note 0 ndicates a workloatd of less Than 05 hours a week
'Dual coded NEC elters match the double codes

I
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Table C-5-Communications/navigation shop
workload and manpower requirements

(Typical CV) (Cont'd)

c. By NEC across aircraft types

Weekly
Workload

NEC (man hours) NEC description

ET 1447 3.5 Communication Security Devices Equip.
(KY-28) Tech

AT 6604 69.0 Integrated COMM/NAV/IFF IMA Tech
AT 6605 40.9 Aircraft Navigation Equipment IMA Tech
AT 6606 30.9 Aircraft Doppler Radar Navigation IMA Tech
AT 6607 4.7 Digital Data Link Communication IMA Tech
AT 6608 11.4 Aircraft Navigation Computers IMA Tech
AT 6609 38.9 Aircraft Electronic Identification (IFF) IMA Tech
AT 6611 59.0 Aircraft Communication Equipment IMA Tech
AT 6612 33.6 Aircraft TACAN Maintenance IMA Tech
AT 6617 20.9 APN-190 Doppler Radar Nav. & APM-341(V)

PGSE Tech
AT 6633 0 Communication Security Devices Equip.

(KG-23) Tech

In the absence of a very detailed analysis, some simplifying assumptions can be
made in order to roughly estimate the personnel implications of consolidating I-level
repair actions. Assuming that a workload of less than 10 hours per week (as defined
by ACM-02) results in transferring a skill, Tables C-12 through C-18 show, for the
various work centers, the personnel implications of consolidation. The top portion of
the tables shows the billets that would remain on the carrier. Given are the skill re-
quirements (NECs), the workloads as defined by ACM-02, the current TAD require-
ments from SQMDs, and the so-called theoretical requirements calculated by dividing
workload by availability (60 hours/week). This issue will be discussed in more detail

in the following section.
The second part of Tables C-12 through C-18 shows the billets that are transferred

to shore AIMDs. Again shown are NECs, current requirements, and workload. Also
shown are the workload for six rarriers4 and the theoretical requirements (using an
availability of 31.9 hours per week) for the consolidated workloads. The results are
summarized below:

4 The use of six carriers represents either the Atlantic or Pacific Fleet. This is a simplifying as-
sumption in that not all carriers will have the same type. model, and series of aircraft. This assump-
tion should only marginally affect the results.
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Table C-6-Electrical instrument shop workload
and manpower requirements (Typical CV)

a. By aircraft type

Weekly TAD requirements
workload

Aircraft (man hours) Current ACM-02

F-14A 24.5 4 2
A-7E 60.3 4 2
A-6E 56.6 5
KA-6D 27.6 5 2

EA-6B 11.2 2 1
E-2C 12.8 1 1
S-3A 12.0 1 1
SH-3H 45.0 2 1

Total 250.0 19 10

Note SM hors 29 0
AS hoors - 23.6
Total workload 302 6
Permanent party:

Current 6 to 11
ACM 02 5 to 8

Table C-6-Electrical instrument shop (cont'd).

b. By aircraft type and NEC

Weekly TAD requerements Weekly TAD requirements

workload workload
Acft NEC Iman hours) Current ACM-02 Acft NEC man hours) Current ACM-02

F 14 AE 7149 12.5 4 2 E-2C AE 7105 2.0 1 0
other 12.0 0 0 AE 7109 0.1 0 1

other 10.7 0 0
A-7E AE 7109 0 0 0

AE 7133 3.1 1 S-3A AE 7175 0.6 1
AE 7171 8.4 2 2 other 11.4 0 0
other 48.8 2 0

SH-3H AE 7105 2.5 0 1,
A-6E' AE 7133 15 2 1 AE 7109 0.9 0 0
A AE 7133 1.5 2 1 AE 7144 6.1 2 1'

KABD other 82.7 3 1 other 35.5 0 0

EA-6B AE 7105 1.3 1 1
other 9.9 I 0 Note 0 nlcales workload of leon than 0 05 hours per week

Both current and ACM 02 requroements list one 713317116 per squadron:
711 6 s an (NS repaman and is counted in the SACEIINS shop

2 Dual coded NECs letters match the double codes

Table C-6-Electrical instrument shop (cont'd

c. By NEC across aircraft types

Workload

NEC (man hours/week) NEC description

AE 7105 58 ASN-50ASN.73 Attitude Heading Reference System
IMA Tech

AE 7109 1 0 Lots Bomb Computer Set (AJB 3A) AFRS IMA Tech
AE 7133 4.6 ASA-32 (AFCS) ASN.54 (APCS IMA Tech
AE 7144 6.1 Helicopter ASEIAFCS IMA Tech
AE 7149 12.5 ASN-92 Navigation Maintenance Tech
AE 7171 8.4 CP-953 ADC and AJM 32 SSE IMA Tech
AE 7175 6 S 3A tlectrical Systems IMA Tech
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Table C-7-Fire control shop workload and manpower

requirements (Typical CV)

a. By aircraft type

Weekly TAD requirements
workload

Aircraft (man hours) Current ACM-02

F-14A 160.6 8 8
A-7E 102.1 10 8

Total 262.7 18 16

Note: SM hours = 49.4
AS hours = 23.6
Total workload = 335.7
Permanent party:

Current 6 to 8
ACM-02 5 to 9

b. By aircraft type and NEC

Weekly TAD requirements
workload

Aircraft NEC (man hours) Current ACM-02

F-14A AQ 7984 155.8 0 2
7985, 7986 4 2
7988, 7989 0 2
7991 or 2 1

7992 2 1
Other NEC 4.8 0 0

A-7E AQ 7921 20.4 4 2
AQ 7975 52.5 6 2
AQ 7976 14.0 0 2
AT 6603 9.9 0 2

Other NEC 5.3 0 0

c. By NEC across aircraft types

Workload
NEC (man hours/week) NEC description

AT 6603 9.9 ASN-99 Projected map display set &' ASM 398 PGSE Tech
AG 7921 20.4 AVQ-7 HUD IMA Tech
AG 7975 52.5 APQ-126 FLR IMA Tech
AG 7976 14.0 C-8185 ASCU Et tactical computer (ASN-91) IMA Tech

F-14 155.8 AWG-9/AWM-23 (Phoenix) IMA Tech
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Table C-8-Radur/ECM shop workload and
manpower raquirements

a. By aircraft type

Weekly TAD requirements
workload

Aircraft (man hours) Current ACM-02

F-14A 56.1 2 4
A-IFE 33.7 4 4
A-6E 23.5) 3 2
KA-6D 7.8
EA-6B 147.3 16 8
E-2C 43.4 4 1
S-3A 15.0 6 3

Total 326.8 35 22

Note SM thors: 28 2
AS houts 28.4
Total -otad 3834
Poenrtnirt Party

Current 6 to8
ACM 02 6 to 7

Table C-8-Radar/ECM shop workload and manpower requirements (contd?

b. BY aircraft type and NEC

Weekly TAD requtrements Weekly TAD requirements
workload workload

Actt NEC (man houts) Current ACM-02 Ach NEC (man hours) Current ACM-02

V 14 AT 6639 14.4 0 2 A-6E/ AT 6639 9.7 1 1
AT 6643 38.4 2 2 KA-eD3 AT 6641 15.3 0 1ir
other 3.3 0 0 AT 6643 1.8 2 1

other 4.5 0 0
A-7E AT 6639 8.4 2 2

AT 6641 21.0 2 2 E 2C AT 6616 35.5 3
AT 6643 0 0 2' AT 6646 02 2

AT 6646 0.1 0 0 other 7.7 1 0
other 4.2 0 0

EA-68 AT 6643 11.1 1 1
S-3A Any NEC 15.0 1 1 AT 6644 0 1 1

AT 6614 - 3 1 AT 6647 105.8 2 2
AT 6615 - 2 1 AT 6666 11.9 2 1

other 18.5 10 3

Note 0 rnttwaterrl a wertad of leso than,06 hoots a week

'Doal cotted NEC taoters match the d~oble codes

Current end ACM 02 list an AT 6633,6646; this Othler s counted
me COMMINAV sthorp

Table C-8-Radar/ECM "hp workload and
mpoveer requireman s (cont'd)

c y NEC across atrcraft types
Workload

NEC Jiman houirs/meek) NEC deacription

AT 6616 35.b APS- 120 Raidar IMA Tech
AT 6638 Passive Det-ctios Equipmeant Tech
AT 663 325 ALR451AIR 501ALA-54 ECM IMA Tech
AT 6641 36.3 ALO 126 ECO MA Tech
AT 6643 51 3 ALO 81 ALO.I1001ALO 126 EMC DMA Tech
AT 6644 0 DECM (ANIALO 55 or 92) DMA Tech
AT 6646 03 ALG91 iALO 108 DECM DMA Tech
AT 6647 1058 ALO-99 ECM Jaernmerlmntter &s AIM 107 Test

Consol~e DMA Tech
AT 6648 ALO 99 ECM Receiversiend ALM 1091108 Test

Console DMA Tech
AT 6666 11 9 Central Computer IANIAYA-6) Tech
AT 6667 - EA 68 ALD 99 Oistilays; and Recording System Tech
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Table C-9-SACE/inertial navigation shop workloads
and manpower requirements (Typical CV)

a. By aircraft type
TAD requirementsWeekly

workload
Aircraft (man hours) Current ACM-02

F-14 57.0 4 2
A-7E 133.5 8 4
A-6E 120.6 20 8
KA-6D 10.0
EA-6B 45.8 7 4
E-2C 13.6 5 3
S-3A 10.0 4 1

Total 48 22

Note: SM hours 102,2
AS hours 37.8
Total workload = 530.5
Permanent party:
Current 8 to 10
ACM-02 8 to 10

Table C-9-SACE/inertial navigation shop workloads and manpower requirements (Typical CV) (cont'd)

b. By aircraft type and NEC

Weekly TAD requirements Weekly TAD requirements
workload workload

Acft NEC (man hours) Current ACM-02 Acft NEC (man hours) Current ACM-02

F-14A AE 7149 47.8 A-6E/ AE 7112 27.1 2 1
other 9.2 4 2 KA-6D AE 7132 6.9 2 1

A-7E AE 7116 93.8 2 2 AG 7953 28.2 4 1

AE 7128 23.0 4 2 AQ 7954 11.6 3 1

other 16.7 2 0 AG 7961 0 0 0
AQ 7963 3.2 0 0
AG 7964 19.3 2 1

EA-6B AT 6623 0.1 0 0 oh 34.3 2 3

AE 7132 3.2 1 1
AG 7963 23.4 3 1AG 7964 6.3 1 1 E-2C AE 7132 1.9 1 1AQ 7964 6.3 1 1AE74 9.11other 12.8 2 1 AE 7149 9.4 1 1

other 2.3 3 1

S-3A AE 7149 5.1 0 1
other 4.9 40

Note 0 indicates a workload of less than 05 hours a week

'Current requirements list 2. and ACM 02 requirements hst 1.
AE 7149 oer squadron, these bilets are counted n
Eiectrtcai fnstruments shop
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Table C-9-SACE/inertial navigation shop workloads and
manpower requirements (Typical CV) (cont'd)

c. By NEC across aircraft types
Workload

NEC man hours/week NEC description

AT 6623 .1 ASA-27 SACE Test Bench IMA Tech
AT 6631 0 ASM 122/144 and Onboard Memory Tester IMA Tech
AE 7112 27.1 ASN-31/ASN-36 Inertial Navigation System IMA Tech
AE 7116 93.8 ASN-90 Inertial Measurement Set IMA Tech
AE 7128 23.0 A-7 AFCS IMA Tech
AE 7132 12.0 ASW-15/ASW-16 AFCS & ADC IMA Tech
AE 7149 62.3 ASN-92 Navigation Maintenance Tech
AQ 7953 28.2 APQ-148 Radar & OA-37361ASM-77 Modified IMA

Tech
AQ 7954 11.6 ASQ-133 Ballistic Computer and Computer System

Test Console
AQ 7955 - APM-225 Module Analyzer Test Console IMA Tech
AQ 7961 0 ASQ-61 A Ballistic Computer and ASM-308 Test Bench

IMA Tech
AQ 7963 26.6 APQ-92/APQ-129 Search Radar SACE Console IMA

Tech
AG 7964 25.6 AVA-1 Analog Display Indicator and Test Console

IMA Tech
AQ 6655 - TS-2109 and TS-21 10/ASA-48 SACE Programmer
AQ 6651 - ASM-347 (GT-1) SACE Programmer/Maintenance

Tech

Table C-i10-VAST shop workload and manpower

requirements by aircraft (Typical CV)

Weekly TAD requirements
workload

Aircraft (man hours) Current ACM-02

F-14A 225.6 18 4
E-2C 51.2 3 1
S-3A 227.8 10 4

Total 504.6 31 9

Note: SM hours = 108.3
AS hours = 47.3
Total workload = 660.2
Permanent party:
Current 7 to 28
ACM-02 6 to 11
All aircraft require an

AT 6652 --VAST operator
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Table C-11-Antisubmarine warfare shop workloads and
manpower requirements (Typical CV)

a. By aircraft type

TAD requirements
Workload

Aircraft man hours/week Current ACM-02

S-3A 3.2 1 1
SH-3H 21.8 3 3

Total 25.0 4 4

Note: SM hours = 0.6
AS hours = 4.7
Total workload = 30.3
Permanent party:
Current 2
ACM-02 1

b. By aircraft type and NEC

TAD requirements
Workload

Aircraft NEC man hours/week Current ACM-02

S-3A AX 6526 1 .5 1 1
AX 6527 0 0 0
Other 1.7 0 0

SH-3H AX 6526 1.0 0 1
AX 6527 13.0 2 1'

AX 6529 2.4 1 1'

AX 6564 1.4 0 1
Other 4.0 0 0

Note: 0 indicates a workload of less than .05 hours a week.
Dual-coded NEC; letters match the double codes.

c. By NEC across aircraft types

Workload
NEC man hours/week NEC description

AX 6526 2.5 Aviation ASW (MAD) Tech
AX 6527 13.0 Aviation ASW (Airborne Sonar) IMA Tech
AX 6529 2.4 ASW JULIE ASA 20/26 and Sonobuoy ARR-52/58
AX 6564 1.4 OPTI/AQH-1/4 Acoustic System IMA Tech

pJ
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Table C-12-Communications/navigation shop billets remaining afloat and ashore
(6 carriers) in the current and consolidated structures

Billets remaining/carrier Workload
Aircraft NEC Current req. (man hours/week) Theo. req.
F-14A AT 6609 2 15.1 1
A-7E AT 6611 2 21.9 1

AT 6612 2 18.6 1
AT 6617 2 20.9 1

A-6/KA-6 AT 6604 3 46.0 1
AT 6605 1 16.8 1
AT 6606 1 16.2 1

SH-3H AT 6611 1 10.3 1
EA-6B AT 6604 0 21.9 1

Total 14 9

Billets removed Workload
Aircraft NEC Current req. (man hours/week) 6xWorkload Theo req.

F-14A AT 6607 2 .1 .6 1
AT 6611 4 9.4 56.4 2
AT 6612 4 5.8 34.8 2

A-7E AT 6607 2 2.1 12.6 1
AT -- 2 8.5 43.0 2

A-6/KA-6 AT 6607 1 1.7 10.2 1
AT 6608 1 2.4 14.4 1
AT 6612 1 0 0 0

EA-6B AT 6605 1 4.2 25.2 1
AT 6606 1 6.8 40.8 2
AT 6607 1 .4 2.4 1
AT 6609 1 .1 .6 1
AT 6611 2 2.8 16.8 1
AT 6612 1 0 0 0
AT -- 1 3.4 20.4 1

E-2C AT 6606/07 1 2.7 16.2 1
AT 6609 1 2.5 15.0 1
AT 6611 1 9.6 57.6 2
AT 6612 1 2.8 16.8 1
AT 6633 1 0 0 0

S-3A AT 6607/11 1 .7 4.2 1
AT 6609/12 2 5.4 32.4 1

SH-3H AT 6605 1 2.4 14.4 1
AT 6606 1 5.2 31.2 1
AT 6608 1 8.9 53.4 2
AT 6612 1 5.5 33.0 1
AT -- 1 6.1 36.6 2

Total (38 x 6) = 228 vs. 31

I,
I

. ..... .... I
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Table C-1 3-Electrical/instrument shop billets remaining afloat and ashore
(6 carriers) in the current and consolidated structures

Billets remaining/carrier Workload

Aircraft NEC Current req. (man hours/week) Theo. req.
F-14A AE 7149 4 12.5 1
A-7E AT 6621 2 48.8 1
SH-3H AE 7144 2 45.01 1
A-6/KA-6 AE -- 3 82.7 2

Total 11 5

'Represents the total workload for the SH 3H

Billets removed: none Workload

Aircraft NEC Current req. (man hours/week) 6 x Workload Theo req.
A-7E AE 7171 2 8.4 50.4 2
A-61KA-6 AE 7133 2 1.5 9.0 1
EA-6B AE 7105 1 1.3 7.8 1

AE -- 1 9.9 59.4 2
E-2C AE 7105 1 2.0 12.0 1
S-3A AE 7175 1 .6 3.6 1

8
Total (6 x 8) 48 vs. 8

Table C-14-Fire control shop billets remaining afloat and ashore
in the current and consolidated structures

Billets remaining/carrier Workload

Aircraft NEC Current req. (man hours/week) Theo req.
F-14A AQ 7985 2 1

AQ 7986 2, 160.6 1
AQ 7991 2 1
AQ 7992 2 1

A-7E AG 7921 4 20.4 1
AQ 7975 6 52.5 1

Total 18 6

Billets removed: none
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Table C-1 5-RadarECM shop billets remaining afloat and ashore
(6 carriers) in the current and consolidated structures

Billets remaining/carrier Workload
Aircraft NEC Current req. (man hours/week) Theo. req.

F-1 4A AT 6643 2 38.4 1
A-7E AT 6641 2 21.0 1
A-61KA-6 AT 6641 0 15.3 1
EA-6B AT 6643 1 11.1 1

AT 6647 2 105.8 2
AT 6666 2 11.9 1

E-2C AT 6616 3 35.5 1
Total 12 8

Billets removed Workload
Aircraft NEC Current req. (man hours/week) 6 x Workload Theo req.

A-7E AT 6639 2 8.4 50.4 2
A-6/KA-6 AT 6639 1 9.7 58.2 2

AT 6643 2 1.8 10.8 1
EA-68 AT 6644 1 0 0 0

AT 6654 2 1
AT 6674 2 1
AT 6648 2 18,5 111.0 1
AT 6667 21 1
AT 6675 1) 1
AT 6676 11

E-2C AT -- 1 7.7 46.2 2
S-3A AT 6614 3) 2

AT 6615 2 ~ 15.0 90.0 1
AT -- 1 0

23
Total (6 x23) =138 VS. 16



DRMS LOGISTICS SUPPORT ALTERNATIVES 73

Table C-16-SACE/inertial navigation shop billets remaining afloat and ashore
(6 carriers) in the current and consolidated structure

Billets remaining/carrier Workload
Aircraft NEC Current req. (man hours/week) Theo. req.

A-7E AE 7116 2 93.8 2
AE 7128 4 23.0 1
AE 7133 2 16.7 1

A-6/KA-6 AE 7112 2 27.1 1
AQ 7953 4 28.2 1
AG 7954 3 11.6 1
AQ 7964 2 19.3 1
AQ 6655 1 1
AQ 7955 3) 1
AQ 6651 1 34.3 1
AQ 7196 1) 1
AQ 7112/7132 1 0

EA-6B -AQ 7963 3 23.4 1
Total 29 13

Billets removed Workload
Aircraft NEC Current req. (man hours/week) 6x Workload Theo req.
F-14A AE 7173 4 9.2 55.2 2
A-6/KA-6 AE 7132 2 6.9 41.4 2
EA-6B AE 7132 1 3.2 19.2 1

AQ 7964 1 6.3 37.8 2
AE 7173 1 12.8 76.8 2
AT 7955 1 2

E-2C AE 7132 1 1.9 11.4 1
AE 7149 1 9.4 56.4 2
AT 6631 1 0
AE 7196 1i 2.3 13.8 1
AE 7173 1 1

S-3A AE 7196 1 1
AT 6628 1 10.0 60.0 0
AT 6619 2 1AE 7149 0 0

19

Total (6 x 19) = 114 vs. 18
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Table C-17-VAST shop billets remaining afloat in the current
and consolidated structures

Billets remaining Workload
Aircraft NEC Current req. (man hours/week) Theo. req.
F-14A AT 6652/53 18 225.6 4
E-2C AT 6652153 3 51.2 1
S-3A AT 6652/53 10 227.8 4

Total 31 9

Billets removed: none.

Table C-18-ASW shop billets remaining afloat and ashore (6 carriers)
in the current and consolidated structures

Billets remaining Workload
Aircraft NEC Current req. (man hours/week) Theo req.
SH-3H AX 6527 2 13.0 1

Billets removed Workload
Aircraft NEC Current req. (man hours/week) 6 x Workload Theo. req.
S-3A AX 6526 1 1.5 9.0 1
SH-3H AX 6529 1 2.4 14.4 1

2
Total (6 x 2) = 12 vs. 2

The above personnel savings are theoretical in some ways, but they suggest the pos-
sibility of large gains. 5 Also, the values are for the TAD Avionics personnel for six
carriers. Permanent personnel, non-avionics TAD personnel, and the remaining carri-
ers are not included.

5 If ACM-02 requirements were used as the starting point rather than SQMD requirements, the
personnel implications would not be so large; the current requirements for six carriers would be 708
versus 1242 and the personnel savings for a fleet would be 327.

LlI
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SOMD statement of avionics TAD requirements for 6 carriers 1,242

Personnel remaining on 6 carriers after consolidation 306
Personnel moved to shore AIMDs for consolidated workload 75

Manpower savings for 6 carriers 861

Squadron TAD Requirements

The foregoing kind of consolidation is not constrained by the current practice of
manning each squadron of a given type of aircraft with the same number and types of
TAD personnel. For the fighter and light attack communities, this practice appears to
result in an overstatement of manpower requirements. The following discussion is in-
tended to provide some sense of the manpower savings discussed in the previous para-
graphs, which can be attributed to the change in the current practice of estimating
squadron requirements independently of one another.

In a number of areas, the TAD personnel assigned to one squadron are sufficient
to handle the workload generated by the two squadrons assigned to a carrier. For ex-
ample, the weekly workload in the Hydraulics/Pneumatics work center for an F-14A
squadron is 24.5 hours. This workload indicates a requirement for one TAD billet,
but there are two-one each for the two F-14A squadrons in a carrier air wing-even
though a single billet could handle the combined workload of 49 hours. The extent of
this apparent overstatement in TAD requirements is shown for the non-avionics area
in Table C-19.

Table C-19 uses the workload as defined by ACM-02 to calculate theoretical re-
quirements (workload divided by personnel availability) in each of the non-avionics
work areas. To avoid problems due to possible understatement of workload, theoreti-
cal personnel requirements are also calculated, based on twice the workload indicated
by ACM-02. Compared with the current TAD requirements for the F-14A and A-7E.
there may be an overstatement of up to 30 personnel (30 - 11 + 20 - 9).

In the Avionics work centers, most TAD requirements are driven by skill demands
rather than actual workload. The F-14 SQMD lists eleven different avionics skills in-
dependent of those required in the VAST shop. One person at each skill level is suf-
ficient to cover the total workload of the two F-14 squadrons. These eleven skills plus
four personnel in the VAST shop (based on the 225.6 hours of work) suggest that
fifteen people is the minimum number required for the F-14 avionics workload. If the
ACM-02 workload were doubled, only 22 personnel would be required (the eleven
skills plus 8 in the VAST shop plus an extra AE7149, AT6643. and an AQ for the
Fire Control Shop).

Using the above logic for the A-7 squadrons, fifteen personnel are required for the
avionics workload indicated by ACM-02 (5 in the Comm/Nav shop, 2 each in the

. , k.4
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Table C-19-F-14 and A-7 AIMD ACM-02 workload (non-avionics)

F-14A A-7E F-14A A-7E

Work- Theo. Work- Theo. Work- Theo. Work- Theo.
Area load' req.3  load' req. load' req. load2  req.

Power plants 373.0 6 256.0 4 746.0 12 512.0 9
Hydraulic/pneu 49.0 1 49.2 1 98.0 2 98.4 2
Airframes 126.4 2 66.8 2 252.8 4 133.6 3
Ordnance 60.1 1 35.6 1 120.2 2 71.2 2
Aviators eq 62.7 1 10.7 1 125.4 2 21.4 1

Total:
Theoretical 11 9 22 17
Current 30 20 30 20
ACM-02 18 14 18 14

ACM-02 weekly workload for two 12-UE squadrons.

2 Twice weekly workload for two 12-UE squadrons.

3 Theoretical requirements = workload/60.

Electrical Instrument and Radar/ECM shops, and 3 each in the Fire Control and

SACE/INS shops). Doubling the ACM-02 workload leads to a requirement for seven-

teen personnel (the above plus an AE7116 and an AQ7975). These avionics billets

(15 and 22 for the F-14 and 15 and 17 for the A-7) can be added to the (theoretical)

non-avionics numbers of Table C-19 to show the personnel required for consolidated

squadrons. The total requirements are summarized in Table C-20.

L. " I ... .. ll~lll " -[. .. .. ....rat... ..... ..... "" n ~ i i l ...... ..... ill Ir. . .
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Table C-20.-F-14A and A-7E TAD requirements.

Requirements F-14A A-7E Total

Current 78 56 134
ACM-02 44 42 86
Consolidated' 26 24 50
Consolidated2  44 34 78

Based on ACM-02 workload; requirements from Table
C-19 plus 15 billets in avionics shops for both the F-14A
and A-7E.

2 Based on twice the ACM-02 workload; requirements
from Table C-19 plus 22 billets for the F-14A and 17 for
the A-7E in the avionics shops.

jI



Appendix D
IMPACT OF IMPROVED REENLISTMENT RATES

SUMMARY

The analysis in this appendix presumes that sea duty is partly responsible for the
current low reenlistment rates of technical I-level shipboard ratings. Therefore, we ex-
pect that reenlistment rates would improve if the majority of the technical ratings
were moved from shipborne AIMDs to centralized, shore-based AIMDs. This would
be especially likely if such centralization permitted manning ship AIMDs exclusively
with volunteers, or the remaining ship AIMDs were so small a proportion of the total
force that sea duty would become a rare event.

This appendix provides some rough estimates of the payoff that improved retention
would yield to the Navy. To make the estimates, we substituted the second-term reen-
listment rate for the Training Device (TD) rating as the second-term rate for the Avi-
ation Electrician (AE), Fire Control (AQ), and Electronics (AT) ratings. The TD rat-
ing is a highly technical rating that is almost exclusively shore-based. Second term re-
enlistment rates similar to that for the Training Devices rating have also been noted
(Table D-5) for I-level specialties in the Air Force.

The following four tables summarize this appendix. Table D-1 contains current re-
enlistment statistics. Table D-2 summarizes the expected reduction in recruitment and
training of first-term ratings. Table D-3 summarizes the expected reduction in train-
ing for advanced courses. Table D-4 indicates the expected increase in skilled techni-
cians (those with more than eight years service) that result from improved second-
term reenlistment rates.

INTRODUCTION

The analysis in this appendix presumes that sea duty is partly responsible for the
current low reenlistment rates of technical I-level shipboard ratings, and that sea duty
therefore would improve those rates. This appendix provides rough estimates of the
likely effect on reenlistment rates if the majority of shipboard AIMD activity were
centralized at shore-based AIMDs.

First, current authorizations and reenlistment rates are described for several techni-
cal I-level ratings, along with reenlistment rates for comparable Air Force skills. Sec-
ond, the assumptions used in subsequent computations are discussed. Third, there is a
description of a simple flow model used to compute changes in Naval personnel as a
result of changing reenlistment rates. Last, the payoff resulting from improved reen-
listment rates is computed.

78

i
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Table D-1 -Navy reenlistment rates by selected ratings
through August FY1978

Reenlistment rate
Authorized

Rating personnel First-Term Second-term

AE 8,800 .251 .45
AG 3,327 .38 .24
AT 11,656 .64 .37
TD 2,102 .83 .62

Sources: MAPMIS Report 1133-4229, PERS-212 CREO
management report, and CNOenlisted requirements
plan.

1 Contains six-year obligated tour lengths. Actual first-term rate
is lower.

Table D-2-Reduction in recruiting and technical training
loads for selected ratings

With higer Percent
Rating Current reenlistments Reduction reduction

AE 1,386 1,283 103 7
AQ 503 399 104 21
AT 1,240 1,030 210 17

Total 3,129 2,712 417 13

CURRENT STATISTICS

The first three rows of Table D-1 above list the authorizations and reenlistment
rates for the major AIMD ratings:

I
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Table D-3-Reduction in advanced training loads
for selected ratings

With higher Percent
Rating Current reenlistments Reduction reduction

AE 347 321 26 7
AQ 191 152 39 20
AT 793 659 134 17

Total 1,331 1,132 199 15

Table D-4-Proportion of selected ratings with more
than 8 years service

With higher Percent
Rating Current reenlistments improvement

AE .21 .27 33
AQ .17 .34 100
AT .30 .42 40

Total .25 .35 40

* Aviation Electricians (AE)
* Fire Control (AQ)
* Electronics (AT)

These ratings account for 23,783 authorized personnel attached exclusively to Naval
aviation; all possess highly specialized skills. The fourth row of Table D-I is the
Training Devices (TD) rating. which is also a highly specialized and technical rating.
hut is almost exclusively shore-based. Notice that both first- and second-term TI) reen-
listment rates are significantly higher than the sea-duty-oriented ratings.

Table D-5 presents reenlistment statistics from the Air Force for technical special.
ties that are similar to the AE. AQ. and AT ratings.
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Table D-5.-Air Force reenlistment rates (first 9 months
of FY 1978)

Reenlistment rate

Air Force Speciality (code) First-term Second-term

Defensive fire control (321xx) .35 .51
Integrated avionics comp (326xx) .27 .62
Flight control & instruments (325xx) .28 .60
Avionics navigation (328xx) .36 .63
Electrical (423xx) .43 .74

Source: HQ USAF/MPC Report RCS PMC-P630,
Reenlistment Rates Air Force Wide.

The first-term Air Force reenlistment rates are not much different from those of

the Navy. This leads to a mixed conclusion. Although Naval personnel specialists
would expect decreased sea duty to improve first-term reenlistment rates, there is in-
sufficient evidnce from this cursory examination to estimate the improvement. In
any event, the large majority (about 75 percent) of first-term AE. AQ. and AT per-
sonnel serve in 0-level ,tasks. Thus, whatever the reenlistment effect from reducing
1-level sea duty through centralizing AIMD work ashore, the impact on first-term re-
enlistment would be small. The subsequent analysis makes the conservative assump-
tion that first-term reenlistment rates will not change.

The case with second-term reenlistment appears much clearer. Because the second-
term reenlistment rate for the shore-based AT rating and for all four Air Force rat-
ings are in close agreement, one can accept the hypothesis that reduced sea duty will
increase second-term reenlistment rates. In the subsequent analysis, the TD second-
term reenlistment rate of .62 is substituted for the reenlistment rates of the AE. AQ.
and AT ratings.

COMPUTATIONAL ASSUMPTIONS

The following aFsumptions are made in the subsequent analyses:

1. Sea duty contributes to low AE, AQ, and AT second-term reenlistment :ates.
This is a hypothesis attributed to Naval personnel specialists and appears to
have support in both Navy and Air Force data.
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2. Shore-based AIMDs would absorb a large majority of shipborne AIMD work,
thus reducing sea duty requirements. It is further assumed that seaborne
AIMD work is so small a proportion of total AIMD work that all AIMD bil-
lets at sea can be filled b% volunteers or rotated among all personnel. so that
sea duty becomes a rare event. Thus, for all practical purposes. personnel
would view I-level work as a shore-based activity.

3. The second-term reenlistment rates of the AE, AQ, and AT ratings would
rise. approaching that of the TD rating.

4. The improved second-term reenlistment rate is considered to apply to all per-
sonnel in the rating, even though some (less that 25 percent) may eventually
go to O-level ship-based billets. This assumption views those O-level assign-
ments. even when added to the ship AIMD work, as still representing a small
proportion of the total shore-based billets in the rating.

5. The impact of changing reenlistment rates can be reflected by a simple,
steady-state, manpower flow model.

SIMPLIFIED MANPOWER FLOW MODEL

To see the payoff in changes to the second-term reenlistment rates, we must con-
struct some model of the process. Modeling accessions and manpower flow in a career
field is a difficult problem. One should account for the dynamics in the process. such
as increases or decreases in authorizations over time and variations introduced by var-
ious attrition factors (e.g., reductions in force can induce cross-training). Since our
purpose is merely to provide some indication of the payoff of changed reenlistment
rates, we employ a simple steady-st-ite flow model. The absolute results that the model
provides are not to be expected in actuality, since the model compares the world as if'
it were in a steady state (e.g., smooth flow-no dynamics) operating under current re-
enlistment rates and the same steady-state world operating under the changed rates. A
career field is rarely in a steady state, of course, but this modeling method will reveal

the effect of changing the reenlistment rate in isolation from all the other factors that
influence personnel flow.

Simple steady-state balancing equations can be developed for this model by merely
assuming that the total authorized personnel will not change with reenlistment rate.
This is a very conservative assumption, because if higher reenlisment rales are ex-
pected, then the ratings will have more people with higher levels o ' experience; and
because higher levels of experience usually mean higher productivity. the expeetal ion
is that authorized strength can be reduced. While this analysis does not employ such
estimates of increased productivity, readers of this report should he aware that possi.
ble reductions in authorized strength can accrue from improved reenlist menil rales.
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PAYOFF FROM IMPROVED SECOND-TERM REENLISTMENT

The model was used to estimate payoff in three areas.
First, it estimated the reduction in recruitment and training of first-termers. Sim-

ply stated, if fewer personnel leave at the end of the second term, then fewer need to
be recruited. The results of the model are shown in Table D-2. The overall weighted
reduction is 13 percent. Thus, fewer dollars need to be spent in recruitment activities
and training (if first-termers, because fewer are required.

Second, the model estimated the reduction in second-termers going to advanced
I-level courses (luring the fourth to the eighth year of enlistment. That reduction was
15 percent and represents a straight reduction in training slots at those advanced
schools. The reductions for each rating are shown in Table D-3.

Third. the model estimated changes in the experience level of the force (Table
D-4). Overall. the experience level of the force grows by 40 percent through a change
in reenlistment rate. The proportion of personnel with more than eight years service
increases from 25 to 35 percent. This argues that such a force is more capable and
productive, and thus more effective.

L A



Appendix E
MAINTENANCE AND SUPPLY PERFORMANCE

EXPLORATIONS: AN S-3A EXAMPLE

This appendix presents the results of some initial analytical explorations into the
performance implications of the problems faced by the current maintenance and sup-
ply structure. It also presents relative performance comparisons of the current struc-
ture and those structural alternatives suggested in the main body of this report. Two
such alternatives were explicitly addressed: that of moving some component repair
from the ship to a shore-based repair facility, and that of moving some depot repair to
the same facility.

These analyses should be regarded as preliminary, not exhaustive. The intent is to
provide sufficient analysis and a relevant methodological approach to warrant further
investigation into these alternative structures. Given this purpose, only data for the
S-3A were explored.

REVIEW OF CURRENT PROBLEMS

The primary problem focus in the main body of this report has been on issues of
scale and the impact of small scale on effectiveness. The typical measure of effective-
ness for that discussion has been the availability of mission-capable aircraft, or more
specifically, the percentage of non-mission-capable aircraft caused by lack of spare
parts i.e., Non-Mission Capable due to Supply (NMCS). This measure reflects not
only the amount of spare parts (stock levels) on the ship, but also the ability of the
maintenance organization to repair broken parts promptly.

Possible causes for the observed NMCS rates have been discussed in the main body
of the report, but a brief review is warranted here. Three primary reasons have been
suggested to explain why computed stock level requirements have not been met. The
first and most obvious is lack of sufficient funding, particularly during the early stage
of weapon system procurement. The second is the long procurement lead time prob-
lem, which suggests that when new required levels are established it takes a long
time, through the budget and procurement processes, to fill these new requirements.
Neither of these problems will be addressed directly in this analysis. The third reason,
which this analysis does address, concerns the inefficiencies introduced because of the
small scale of the operation.

Another possible cause of shortages is underestimation of the stock level require.
ments themselves during initial provisioning. Typically, mean times between failures
(MTBF) are overstated, and repair cycle times (RCT) are underestimated, both of
them being based on optimistic engineering estimates. Awaiting parts times (AWP),
although considered explicitly in initial provisioning computations, also add signifi.
cantly to total component repair times. For example, data provided by the Naval Avi-
ation Supply Office (ASO) that were used for S-3A requirements computations until

85
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recently,' indicated that the average repair cycle time (excluding AWP) of compo-
nents was approximately 6 days, while data from the maintenance organizations (3-M
data) indicated that actual experience showed times of 9 to 10 days. Experience also
showed AWP times of an additional 5 to 7 days, making a total repair time of 14 to
17 days. This means that much more stock is required to fill those longer repair pipe.
lines than was anticipated in the requirements computations. This. in turn. causes
shortages that result in increased NMCS rates.

The analysis that follows will address only the repair cycle times and AXVP times:
MTBF issues, although affected by the small scale of operations, will not be addressed
despite their obvious importance.

There are a number of causes for the long AWP times in addition to those dis-
cussed above (MTBFs and RCTs). The small scale of the operation. given current re-
quirement computation methods, yields zero stock level requirements for many low-
demand items. This is especially true of bit-and-piece parts (B&P) required to repair
shop replaceable assemblies (SRAs). This means that even though they are low de-
mand items, demands will always occur for some of them and immediately cause an
AWP condition. Stowage space and managerial burdens may also limit the range of
parts stocked aboard ship. Clearly, not all items required to fix all components can be
put on one ship, especially when it supports six to seven aircraft types. This limited
range of parts has a "ripple" effect on AWP. Typically. for S-3A components. an
SRA requires two to five bits and pieces in order to accomplish repair. If one of those
parts is not on the ship, then the SRA is AWP. In turn. if that SRA is required to
repair a weapon replaceable assembly (WRA), the WRA is also AWP.

The long repair cycle times may be caused by a number of scale problems. The
limited scale of the operation makes it difficult to batch process a number of like
items at one time. For the automatic test equipment (ATE) in particular. this means
that an ATE-setup time penalty has to be paid for every item that is repaired. There
may also be limitations in the availability of test equipment which. in turn. causes se-
vere queuing.

The accessibility of repair parts may also contribute to the longer times. Typically.
parts are not stowed in areas or in ways convenient to the location where the repair is
being accomplished. It therefore takes time to obtain a necessary part. and test equip-
ment is tied up until the part arrives.

AWP impacts WRA repair times. It can potentially double the test time required.
If, during the course of a WRA test, an SRA is required but is not available (A\\ P).
then the test must be stopped. The failed SRA must then be removed from the A R.A
and repaired. If the SRA is repaired on the same equipmenl, then ihe A\13 A mul|st be
removed, the test equipment reconfigured (set up) for the SRA. he SR11\ tested and
repaired, the test equipment reconfigured for the WRA. and the \ HA retlesed. L'itn
if the SRA were not tested using the same equipment. the \'J1A \%ouhl tpi'al, he

I We understand that soon after the DRMS receipt of data for the sluel. the S-3.1 data base

was updated to reflect the longer times. Given that the svslem is currently facing these shortages and
our purpose is to demonstrate the effects of long RCTs and AW.P. as well as compare alernali\t, strue-
lures, this update should not have an adverse impact on the analysis.
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taken off so the equipment could be used for another component. The reconfiguring
of the equipment and the retest would still have to occur.

The remainder of this appendix discusses how these issues affect the current struc-
ture and how certain alternative structures might improve matters. An analytical
methodology will be presented in the next section. This will be followed by an analy-
sis of the current structure that will demonstrate the impact of some of the issues re.
viewed here and establish a baseline case. The final section describes the alternative
structure and compares it with the baseline case.

EVALUATION METHODOLOGY-MODEL

The supply portion of the S-3A case study was performed using a dynamic queuing
model of shipboard and shore-based repair. That is, mathematical expressions were
derived describing the average number of components in the various parts of the sup-
ply pipeline: ship repair, depot repair. transportation, etc., (IS a function of time.
With this description of the pipeline quantities, it was then possible to compute mea-
sures of performance, such as the number of components backordered and an approx-
imation to the number of aircraft NMCS. Of key importance was the fact that mea-
sures were computed and shown as a function of time. Traditional analysis of supply
performance has usually concentrated on more limited queuing results called the
"steady state" performance. Steady-state measures are usually simpler, computation.
ally more tractable, and probably sufficient for the investigation of peacetime per-
formance. In this analysis we have been interested in the potential performance of the
alternative structures under wartime conditions, and therefore have made the addi-
tional effort to model and compute the measures under wartime dynamics such as the
transition to wartime flying rates and pipeline interruptions.

The scope and time period of the analysis has been limited and a limited modeling
approach was necessary. Aspects of the problems which have been included in the
model are:

* Exponentially distributed interarrival times for component failures.
" Exponentially distributed repair times.
* Indentures of components to the third level (bits and pieces).
* Multi-echelon repair.
* Time-dependent failure and repair processes.
* Full cannibalization at the aircraft level.

Aspects of the problem which have not been included are:

* iateral resupply and distribution control to the ship.
* Cannibalization at the WRA level.
* Failure-dependent repair processes (limited server queuing, batching. repair

priority, etc.).
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* Mission essentiality of components.
* Asp-cts of transportation beyond average transportation time.

Clearly. any further study of alternative structures for the Navy should look into the
influence of these aspects. In most cases, their omission from our study tended to fa-
vor the current structure. For example, consideration of repair queuing due to person-
nel or test equipment limitations would probably degrade the current shipboard repair
process more than the larger-scale Aircraft Intermediate Maintenance Department
(AIMD) operations suggested in the alternat:'es. Also, a larger shore-based AIMD ex-
ercising real time distribution control of serviceable components to the ships it sup-
ports under these alternatives would probably perform better than indicated in our
study, where we have prohibited such control. Cannibalization at the WRA level for
SRAs would mitigate the loss of SRAs in the current structure, but the opportunities
for such cannibalization would be much higher at a large shore-based AIMD. We have
considered the loss of any WRAs in our list to cause a loss of mission capability when
no replacement part is available. To determine exactly what this loss in capability is,
it is necessary to know the mission essentiality of each component. It is also neces-
sary to know the alternative missions available and desired in a scenario to determine
the effect of that loss in mission capability. In the absence of this information we
have compared all alternatives using the NMCS measure, giving all WRA compo-
nents equal mission essentiality,

Transportation limitations due to finite capacity, availability of transport, and
scheduling have not been considered directly in the analysis; instead we have lumped
all of these effects into an average transportation delay for resupply. 1lowever, in cer-
tain scenarios we have stopped all transportation and observed the effects.

The following section describes the dynamic queuing model.

Components in Resupply

If we know the number of components in repair and in the depot resupply pipe-
line, we can couple it with knowledge of the serviceable stock on hand to determine
performance measures, such as the backorders on parts that have no serviceable re-
placements and NMCS aircraft after shortages have been consolidated (cannibaliza-
tion).

Let

F(s,t) - probability that an element entering repair at time s is still in repair
at time t, and

m(t) mean number of components entering repair (failing) at time t.
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under the following assumptions:

1) Repair time distribution is independent of the failure process;
2) The failure process is Poisson;
3) F(s,t) is a measurable function of s for a fixed t;
4) F(s,t) is a nonnegative distribution and F(s,t) 0 0 if t<s

for a given component the number in repair at time t has a Poisson distribution with
mean

t
X(t) =f t)m(s)ds

0

X (t ) ie -) (t )
That is, the probability of i units in repair is i )

For example, suppose that at time r we change to a wartime state and change the fail-
ure rate and average repair rate. Then

m(s) >

T 1

t,-s t- T

F(s,t) T 1  T2

t s
T2
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And,

_ t-s

j ,e ds t < r

X(t) 7 -71~) -s t_-r t -

1 e TI e T2 ds X2 e T2 ds t>

T
1T1X (1 -e t t <

; (t) =

TlX11- e 2+T2X t> r

Note that if t >> r we have the usual result. X(t) = T2 Xi. The importance cf this e'-
prssion lies in the fact that dynamic scenarios can be represented. It is possihle to
consider such effects as phased buildup of wartime activity. attrition. temporary stand-
down, and repair interruptions.
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It is also true that if failures occur according to a nonhomogeneous Poisson process
and each failure has a probability fi of going to a particular repair facility i, then the
number of components in that facility is Poisson distributed, with mean

i t

X'i(t) =f i(s, t)fim(s)ds
0

Const,quently. each repair "pipeline" can be treated as an independent nonhomoge-
neous Poisson process in which each distribution of repair time, Fi(s, t), can be a dif-
ferent function of time. Note also that since each is an independent Poisson process,
the total number in all repair pipelines has a Poisson distribution with mean

N

,(t) X i( t )  N facilities

Indentured Components

The Navy currently performs shipboard repair of WRAs and SRAs. It was impor-
tant to know the effect of the availability of SRA spare components to fix the WRAs.
as well as the effect of availability of bit-and-piece (B&P) spares to fix the SRAs. For
example, if bits and pieces to repair certain SRAs were in short supply. then SRA re-
pair could not proceed. If spare stock in those SRAs had been provided under the as-
sumption of SRA repair and the repair was inhibited, shortages of SRA spares would
quickly cause the WRAs to go unrepaired as well. This ripple effect due to lack of
components at the lowest level of indenture could quickly increase the number of
NMCS aircraft.

Our approach to indentured components was to consider the effect of shortages of
SRAs as an additional delay in WRA repair time, that is, the AWP was added to tile
average WRA repair period. In turn, the AWP time for bits and pieces was added to
the SRA repair time. Consider first the AWP time due to SRAs. Let hii(t) be the

|m ., , , ....... .... . . . .. lli l li - IilF.... . .. .. ... ...mirn-
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mean number of SRA j components in repair, where the SRAs considered belong to
WRA i, and let there be Mi SRAs in total associated with WRA i. The average back-
orders of the jth SRA are given by

okij~tk e- X..(t)

BO i(t)= (k- Sij )  k!
k=S ij+1

and represent the average shortages of that SRA as a function of time. To estimate
the average delay experienced on each SRA we divided the backorders by the arriva)
rate of SRA failures. Let -y.(t) represent this arrival rate. Then the average AWP
time incurred due to the jth SRA. when it fails, is

BO..(t)
TA (t) -

V. .'i(t)

and the probability that the jth SRA fails when the ith WRA fails is approximated by

rij(t)
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where ri(t) is the average failure rate of the ith WRA. The average AWP time for
that WRA is then obtained by averaging across the various SRAs j =1 ... M i
weighted by the respective conditional failure probabilities. That is,

M.i 7j(t) BOij(t)
A (t) = ErlTA "=1 FP) ' ij(t)

This is the time added to the average WRA repair cycle time to obtain the total aver-
age repair time.

Note that this approach and derivation requires the assumptions of:

(1) No more than one SRA failure per WRA failure (otherwise yj(t)/ri(t) could
exceed 1)

(2) Total demand rate for SRAs to be less than the demand rate of the parent
WRA (otherwise

M. yij(t)Mi -Y i(t) >1
EI P)

j=1

These assumptions do not always hold true in practice, and in this study several
WRA families of SRAs violated (1) or (2) or both. Our approach in this case was to
truncate the SRA family to satisfy assumption (2) and throw out any SRA violating
assumption (1). This again created a more favorable situation for the current struc-
ture, since its performance was more dependent on AWP times. With the inclusion
of the additional SRAs. the current structure's performance would have worsened rel-
ative to the alternative structures.

The approach for B&Ps (the second indenture) was similar to that for the SRAs.
We computed the B&P AWP time based on B&P backorders and demand rate and
added this time to the SRA repair cycle time. However, since no B&P failure data
relative to parent SRAs wa- available, we could only demonstrate the possiblc ripple
effect of AWP times due to B&Ps by assuming certain B&P failure rates. Based on
discussions with Navy personnel we made the following assumptions purely for dem-
onstration purposes:
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(1) Each SRA has five piece parts.
(2) The failure rate of each part is one-fifth the parent S RA failure rate.

This estimate is conservative for the case in which failures of one or two piece
parts dominate within the B&P family associated with an SRA when resupply is in.
terrupted since the higher demand would more quickly lead to shortages of B&Ps and
consequent AWP time. Given that the current structure is affected more by B&P
AWP time relative to the alternatives presented, this assumption also favors the cur.
rent structure.

Measures of Performance
Given the average number of components in various repair pipelines, and a spare

stock level, it is possible to measure the effect of supply shortages on squadron per.
formance. The three measures computed in this analysis are the fill rate, arerage
backorders, and NMCS aircraft. The fill rate measures the likelihood of not having de-
mands in excess of serviceable components; it is expressed by

S

FR(t) = X( t i  e -(t)

i=o

where (t) is the previously derived mean number of components in repair as a func-
tion of time, and s is the serviceable stock level for the component.

The average backorders of a component represent the expected shortages of' that
component which cannot be filled with spare stock and ultimately represent a °'hole"
or degraded capability of the aircraft. This is given by

oo i N Wt

BO(t =

S(t) s+ S (s i) _ _t

i=0

The total expected backorders are obtained by summing lit average backorders of'
each WRA component.

Fill rate and expected backorders measure performance on a conponent-b.\-conpo-
nent basis. A measure closer to operational performance measurement is the NNICS
level, which reflects the effect of supply performance on aircraft aailabilitv. For this
study we computed the average number of NMCS aircraft after vannibali ation to

"_ No W,. . ... ,
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minimize the number of airframes affected by component shortages. We assumed an
idealized complete cannibalization in which the smallest number of aircraft is affected
at all times. Under this assumption the probability that the number of airframes in
the NMCS state is j or less is the same as the joint probability that the number of
shortages on each WRA component type is j or less. That is,

M
PNMCS. = Probability (NMCS<j) = l1 Probability (Failures

I i=1

of ith component < si + j- 1)

where M is the number of WRA component types. The expected NMCS for N air-
craft is then

N

ENMCS(t) =  j Probability (NMCS j)
j=o

N
S (1 - PNMCS)

j=l 1

In this analysis each measure is computed as a function of time. given the mean
number of components in repair. (t).

Computational Approach
The analytic use of the foregoing models involved defining a structure (for supply

and repair support), reading AS() data describing the failure and repair statistics of
each \VRA and its associated SRA and B&P components, determining initial spare
stock levels by emulating Navy stockage policies, and measuring the performance of a
deployed S-3A squadron by computing the above measures as a function of lime un-
der certain scenarios. The scenarios included operations at peacetime demand rates.
peacetime demand extrapolated to wartime flying rates, and resupply cutoff from
CONIJS repair facilities.

CURRENT STRUCTURE DESCRIPTION: BASELINE CASE

This section describes the assumptions made about the current S-3A component
supply and repair structure and the computed performance of that structure using ti
previously described methodology. It should be emphasized that this is computed per-
formance only; it depends strongly on the assumptions made and the S-3A supply
data provided by the ASO.
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Figure E-1 illustrates the "pipeline" characteristics of the assumed current struc-
ture. Failed aircraft components, WRAs, and SRAs are repaired on ship when possi-
ble and at a shore-based depot otherwise. The latter repair operation incurs about a
40-day round-trip transportation time, plus a depot repair time that averages 50 to 60
days. In the meantime, when serviceable stock is available aboard ship, a component
is replaced on the aircraft from that stock. The important parameters affecting per-
formance are the ship and depot repair times (these were provided by the ASO data).
Beyond Capability of Maintenance (BCM) rates (also provided in the ASO data),
transportation time (averages provided by the Navy), and the stock levels provided for
each component (computed by emulating Navy stockage policy). The repair times and
transportation times determine how long a component will be in a given repair pipe-
line and cnsequently unavailable for use. The BCM rate identifies the percentage of'
components that enter a given pipeline. If this rate is high, many components enter
the depot pipeline and are unavailable for a longer time than if they are repaired on
the ship. The quantities of components in these pipelines must be "covered" by pro-
viding spare serviceable components aboard ship. If too few are provided, aircraft will
go into NMCS states while repair is completed or items are ordered and shipped from
the depot.

Figure E-1 -Current structure pipeline

SAIRCRAFT ]20 DAY TRANSPORT

STOCK 20 DAY TRANSPORT

Stockage Assumptions

In stocking this model of the current structure, we attempted to approximate the
Navy requirements calculations for the Aviation Consolidated Allowance List
(AVCAL) and pipeline stock. WXe used peacetime daily demand rates extrapolated to
wartime flying rates and used repair cycle times2 and BCM rates provided in the

2 Recent experience indicates that the repair c\'cle times reflected in the data understate what is

actualiy required hv four to five days: however, Na~v provisioning has not vet accommodated these
longer repair times. We have therefore reflecrted current shortages by provisioning against the times
given in the data.
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ASO-supplied S-3A data. For the shipboard repair pipeline we provided spares at a
90 percent fill rate. That is. given the shipboard repair time, percentage of off-ship re-
pair 1BCM). and expected wartime daily demand rate for each WRA and SRA, we
proxided the serviceable stock level such that the probability of demands in excess of
serviceable stock was less than 0.1. A zero stock level was determined when the prob-
ability of having no demands over the pipeline time was at least 0.9. For the fraction
of items entering the longer depot repair pipeline, we provided 90 days of serviceable
stock plus an order and ship time (OST) safety level. The OST safety level was de-
termined by computing the fraction of items in the depot pipeline, computing the
stock level required for the OST pipeline time, and subtracting this from the stock
level to give a 90 percent fill rate for the depot OST pipeline time. That difference
gave the level of OST safety stock and was added to the 90-day protection stock.

In the following analysis we assume that a ship starts with its full authorized stock,
computed as described above. Furthermore. we assume that all of this stock is service-
able and is prepositioned on the ship at the time of deployment. Obviously, this as-
sumption is idealistic, because some components will not be provided at the full au-
thorized level because of inadequate initial provisioning, higher condemnation rates
than expected, lags in production, or the inability to free enough components from
the various pipelines. Shortages of components will affect all structures investigated
and should be a subject of any further investigation of structure alternatives.

Prepositioning components at the ship maximizes the performance of the shipboard
squadron since minimum delay is encountered in providing a serviceable component
at the aircraft. In doing this, however, we have assumed that pipelines to the depot
and in shipboard repair are empty. This means the maximum delay will be encoun-
tered initially in the repair and transport of failed components. This assumption
seemed reasonable in view of the fact that components are generally in short supply
and it is not likely that both pipelines and authorized t,, viceable stock would be full
in the event of wartime deployment. The filling of repair pipelines and depletion of
shipboard serviceables can be seen in the analysis by observing performance results at
various points in time after deployment.

Our stockage calculations may deviate from Navy provisioning methods, but we be-
lieve deviations in the amount of stock computed will be small. Furthermore, since
we compare all structures at the same total stock cost, these deviations will affect all
structures by about the same amount.

S-3A Current Structure Performance
Figure E-2 illustrates the performance of the current structure with respect to the

NMCS rate as a function of time of deployment. The peacetime performance curve
indicates about a 10 percent NMCS rate (10 percent of aircraft are non-fully-mission
capable after cannibalization) after flay 60. Initially, the NMCS rate is lower because

,3 We recently learned that the Navy has not been allowed to buy the OST safety level despite
the inclusion of it in their requirements calculations. To the extent ibis stock is not provided, we have
overstated the serviceable spares. Generally, this will he a small amount, and since we buy the same
dollar amount of stock for all structures, this should not affect the analysis.
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of our assumption of "full up" serviceable stock at the time of deployment. If the ini.
tial stock level is degraded to something less than full authorized levels and some
stock is in the repair pipeline, then the results would be essentially the same but
would be shown with time of deployment moved to the right. In this first case we
have not allowed the SRA AWP time or the B&P AWP to affect the WRA repair
times. This would be the situation with unlimited SRAs and B&P. Note that this 10
percent NMCS rate occurs at peacetime flying rates despite the fact that spare stock is
provided for projected wartime flying rates, reflecting (if it is judged that 10 percent
NMCS is high in peacetime) the fact that inadequate protection is provided by WRA
spares.

The second curve, labeled WARTIME, indicates the growth in NMCS when the
flying program shifts to projected wartime flying rates at day 60 after deployment.
Despite unlimited piece parts and SRAs, the wartime NMCS grows to 15 percent by
day 30 after the shift and to nearly 20 percent by day 120, again reflecting shortfalls
in WRA spares.

Figure E-3 indicates the effect of shortages in SRA and B&P spares under pro-
jected wartime flying conditions. The lower curve shows the time-dependent perform-
ance when SRA AWP time is allowed to affect the shipboard repair time of WRAs.
Depot repair is assumed to be unaffected by AWP time. We found the AXP time due
to SRAs reaching 3.6 days by the 120th day of wartime flying rates despite initially
providing full authorized stock for the SRAs for the projected wartime flying rate.
Recall also that because of certain modeling assumptions it was necessary to eliminate

Figure E-2. Current structure performance with continuous esupply
from ashore no AWP.
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some of the SRAs from consideration. With their inclusion and a deployment with
less than full authorized SRA stock, the AWP time would probably be higher, as
demonstrated by current average AWP times of five to seven days experienced under
peacetime flying conditions.

The top curve in Fig. E-3 illustrates the potential effect of B&P AWP as it ripples
through to create higher SRA shortages and ultimately a higher NMCS rate. In stock-
ing the piece parts we provided a safety factor of 0.9, so that stock was provided at a
level equal to the integer part of 90 days of projected wartime demand plus 0.9. That
is, if the B&P demand for 90 days was at least 0.1, then the item was stocked. Thus
somewhat more protection was provided for bits and pieces than for SRAs and
WRAs, which required a demand of about 0.9 before an item was stocked according
to the fill rate calculations. Again, depot repair was assumed to be unaffected by bit-
and-piece shortages. When the B&P effect is considered for shipboard repair, we see
an NMCS rate that reaches almost 30 percent by day 120 of simulated wartime activ-
ity. Clearly, the dependency of shipboard repair on SRAs for WRA repair and on
B&P for SRA repair diminishes the self-sufficiency of the squadron. if those compo-
nents are not stocked at a high level with respect to that single squadron's activity.

So far we have shown operational performance using the repair cycle times given
in the ASO S-3A data tape. Current maintenance experience, as reflected in 3M data
and by discussions with ASO personnel, indicate that these data understate the cur-
rent actual repair times. This experience indicates that times on the average of 9.5
days, without AWP included, are more likely than the five to six days shown in the

Figure E-3. Current structure performance with continuous resupply
from ashore with AWP.
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ASO data. To create the curves in Fig. E-4, we adjusted all repair times in the data
upward by a constant factor to achieve an average time of 9.5 days for shipboard re-
pair. The effect of this has been to degrade the performance of the S-3A squadron by
an additional 10 percent, so that by day 90 of wartime activity the NMCS rate is
nearly 40 percent. Clearly, the Navy's expressed goal of 90 days of self-protection at
wartime activity rates is not likely to be met, or must be expressed in terms of de-
graded capability shortly after the start of that 90 days.

This last case, which considers the effect of B&P and SRA AWP time and which
considers the current experience with longer repair times, is used as the base case for
comparison with the alternative structures presented in the next sections.

So far we have assumed that the transition to wartime activity rates occurred with
no interruption of pipelines. In Fig. E-5 we have superimposed the effect of cutoff of
depot resupply (due, say, to the high rate of use of air transport for other activity) on
the base case curves of Fig. E-4. Here it is seen that when one considers either AWP
due to SRA limitations only, or AWP that also includes B&P effects the NMCS rate
rises rapidly after the start of wartime activity. In the latter case a 30 percent NMCS
rate is reached by the 30th day into wartime activity and a 50 percent NMCS rate is
reached by the 60th day. In this cutoff case, where self-protection is most important,
it is clear that due to the small scale of operation both the range and depth of B&P
stock and SRA stock inhibit the self-sufficiency of carrier operation that is supposedly
obtained with shipboard intermediate level repair. Within a few days after cutoff,
shortages in B&P stock appear and affect the repair time of SRAs. This in turn

Figure E4. Current structure performance with continuous
resupply from ashore with AWP and with Increased
repair cycle time.
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causes shortages of SRA components as they sit in the repair pipeline in AWP condi-
tion. These shortages affect the repair time of the WRAs, draw down the WRA
spares, and ultimately holes in aircraft appear, leading to loss of capability and NMCS
conditions. The following sections will examine some alternatives that attempt to im-
prove the period of self-sufficiency by (1) improving shipboard repair times by reduc-
ing the scope of that repair, (2) increasing the amount of WRA stock for those com-
ponents not repaired on the ship, and (3) improving the shore-based support to main-
tain a higher state of readiness as protection against cutoff.

ALTERNATIVE STRUCTURE: MOVING REPAIR FROM SHIP TO
SHORE

Numerous reasons for moving repair off the ship have been suggested in the main
body of this report. They center primarily on issues of scale. As a starting point, in
order to understand the performance implications of such a move, it has been as-
sumed that under this alternative only the repair of rotatable pool WRAs would re-
main on the ship. All repair of non-rotatable pool WRAs and all SRAs would be ac-
complished by a shore-based AIMD. As we have said, this is seen only as a starting
point. If the Navy finds this alternative attractive, a complete level of repair analysis
(LORA) will have to be accomplished, the results of which might indicate a different
mix of components whose repair would remain onboard. However, given that the ro-
tatable pool WRAs are typically the high-fail, expensive, mission-critical components,

Figure E-5. Current structure performance without resupply from
ashore compared to continuous supply.
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it was felt that leaving their repair onboard was a reasonable place to start. The alter-
native structure is show in Fig. E-6.

Figure E-6-Alternative structure pipeline: shore repair
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Reduction in Repair Cycle Time

This alternative is expected to reduce the repair cycle times onboard ship from the
current average of 9.5 days. The primary reason is that the onboard workload wuld
be reduced 30 to 40 percent. In terms of the number of line items, only the repair of
64 rotatable pool WRAs would remain out of an approximate total of 700 WRAs and
SRAs that are currently shipboard reparable.

As a result, test equipment queuing should obviously be reduced. For example, the
VAST is currently required for test and/or repair of about 163 S-3A components (64
WRAs and 99 SRAs). Under the alternative, only 48 rotatable pool WRAs would re-
main to be repaired on the VAST - a reduction of about 70 percent in the number
of line items requiring the VAST.4 In addition, there would be no SRA-WRA con-
flicts for the use of test equipment and less time spent in setup.

The number of items (SRAs and B&P) required onboard to support repair under
this alternative has been drastically reduced to include only those SRAs required to
repair rotatable pool WRAs. Under these circumstances we would suggest that these
items be made more accessible to the location where the repair is taking place, thus

4 Unfortunately, workload data were not readily available. so we do not know at this time what
reduction in VAST throughput is likely to occur.
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reducing the repair time of the WRA by reducing the time spent in obtaining the
necessary repair part.

The shore-based AIMD facilities would have to be scaled up to meet the increased
workload. It was assumed here that the shore-based facilities would be provided suf-
ficient resources so that, along with the opportunities to batch process and the in-
creased effectiveness of the larger-scale operation, they too would enjoy a significant
reduction in repair cycle times.

For study purposes, we assumed that a goal of an average of three days repair cycle
time for WRAs is not unreasonable. It case this was regarded as too optimistic, cases
with about a six.day average were also run. These latter times were the same times
that were in the original data provided by ASO.

Impact on AWP

With all of demands for the low-demand items consolidated at one point on each
coast (six carriers plus shore-based), we would expect a significant reduction in AWP.
We would expect the range of items stocked at the shore-based facility to increase be-
cause of sufficient demand to warrant a higher-than-zero stock level. We would also
expect that the shore-based facility would be free of the stowage constraints that occur
on the ship. These assertions apply in particular to the bit and piece part problem dis-
cussed above. Therefore, the AWP "ripple" effect should be minimized. On the ship,
only high-demand SRAs required to repair rotatable pool WRAs would be stocked.
In addition, because of the reduced AWP there should be less adverse AWP impact
on WRA repair cycle times.

Other Possible Benefits

This alternative is likely to yield a number of additional benefits. The larger-scale
operation should provide increased availability of higher skill levels, operate more like
a production facility, and furnish the opportunity for a more rigorous quality control
program. This should result in improved quality of component repair (increased
MTBF), less reliance on depot repair (lower BCM rates), and more opportunity for
priority production scheduling to compensate for shortages of particular components.

In addition, the increased scale may reduce the requirement for test equipment, es-
pecially equipment that currently experiences low utilization rates on board the ship.
Fewer sets of such equipment may also be required at the shore-based facility. Mov-

ing test equipment off the ship has the additional advantage of not requiring repair or
spare parts for that test equipment on the ship.

Of these potential added benefits, only the reduction in BCM rates will be consid-
ered in this analysis. It will be addressed specifically in the section below entitled,
"Move Depot Repair to Shore-Based AIMD."

Transportation Assumptions

Under this alternative it is obvious that additional transportation capability will be

required because more components are moving on and off the ship. Although no spe-
cific data concerning weight and cube requirements were available for this analysis,
we estimate that the number of WRAs and SRAs moving on and off the ship would

L _ _ _ _ __ _ _ _ __ _ _ _



104 NAVY CARRIER-BASED AIR UNITS

approximately double. For purposes of analysis, it is assumed that the required trans-
portation is available and that the transit times (ship to shore) are the same as they
are in the current structure (20 days). An additional 10 days transportation time has
been added for those items that must first go to the shore facility and then on to the
depot for repair. (See Fig. E-6).

Stockage Assumptions
In computing the stock requirements for the alternative structure it was assumed

that an equal amount of money can be spent so that we have an equal stockage cost
comparison. To accomplish this, all pipelines in the alternative (Fig. E-6) were
stocked at the 90 percent Poisson level of protection. Then a constant factor was ap-
plied to the computed level for each item such that the total cost of all items was ap-
proximately equal to the total cost of all items computed for the current structure. The
cost of bits and pieces was not included in either case, as no data were available.

The result is a change in the mix of items.5 With the reduced repair cycle times,
fewer rotatable pools WRAs are required. These tend to be the expensive, high-de-
mand items. With the increase in pipeline times for non-rotatable pool WRAs and all
SRAs, more of these items were stocked. With the consolidation of demand for bits
and pieces at one location (the shore-based facility), it was assumed for analysis pur-
poses 6 that an infinite number were available. As before, it was assumed that all stock
was on the ship at the day of deployment and that the pipelines were empty.

Analytical Results

As was indicated earlier, two assumptions about WRA repair cycle time improve-
ments were made. Figure E-7 shows the results for a 3-day average and Fig. E-8
shows the results for an average of about 6 days (those times being found in the origi-
nal ASO data). The comparisons are made against the base case developed in the pre-
ceding section under wartime conditions, with the war starting on day 60 of a peace-
time deployment.

Note in the figures that under conditions in which resupply from shore continues
uninterrupted, the shore repair alternative does significantly better. By day 120 of the
war the current structure can expect a not-fully-mission-capable rate of about 40 per-

cent. For a WRA repair cycle time of three days (Fig. E-7) it is about 25 percent by
day 120. For six days it is about 30 percent.

5 It can be argued that for a well-established weapon system this ability to buy an alternative
mix of stock is limited since most of the stock is already purchased. In such a case. either there would
have to be a gradual shift to the new mix as replacement components are ordered, or additional mo-
nies would have to be spent. In newer weapon systems with incomplete or understated initial provi-
sioning, this conversion would be easier. The amount of money that was reallocated in the new mix for
these alternative structures amounted to about 20 percent of the total dollar amount.

6 As this is an illustrative analysis with one ship. one shore facility. and one depot, this is a rea-
sonable assumption to make in order to demonstrate the improvements in bit-and-piece AWP likely to
occur under this alternative. Future analyses should deal with the bit-and-piece problem explicitly for
both the current and alternative structures and for the support of six ships rather than just one.
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Figure E-7-Current and alternative structures with and without
resupply from ashore-repair cycle time: 3 days.
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Figure E-8. Current and alternative structures with and without
resupply from ashore-repair cycle time: ! 6 days.
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The shore repair alternative obviously places an increased reliance (in transporta-
tion. Therefore, under conditions where shore resupply is cut off at the beginning of
the war the rate at which the not fully mission capable rate increases should be
greater under the alternative. Note, however, that because the shore repair alternative
places the ship in a better position at the start of the conflict, the curves do not cross
until about day 45 of the conflict in the case of the 3-day RCT assumption or until
day 30 for the six-day RCT assumption. This means that for some substantial period
of time the alternative structure performs better. Furthermore, it is only a short time
later when the current structure also incurs a substantial NMCS level.

It appears then, given the limited analysis performed thus far, that the shore repair
option shows promise of outperforming the current structure under conditions of con-
tinuing resupply and for some period of time when resupply is cut off. The next sec-
tion will address the case where BCM rates are improved by moving repair from the
depot to the shore-based AIMD.

ALTERNATIVE STRUCTURE: MOVE DEPOT REPAIR TO SHORE-
BASED AIMD

The previous section discussed the possibility of reduced BCM rates resulting from
the increased scale of the shore-based operation. This would be an important outcome,
because reductions in the long depot repair pipelines (approximately 100 days) would
make more stock available to the system.

Pipeline reductions appear to be possible independently of the shore-based repair
alternative. Discussions were held with a number of maintenance personnel with re-
gard to this long pipeline. Many of them contended that much of the work sent to the
depot could be accomplished at a shore-based AIMD with existing skills and test
equipment. Their estimates ranged from 50 to 80 percent reduction in BCM if that
work were moved to the AIMD.

For purposes of analysis it was assumed that a 50 percent reduction in BCM rates
for all items was possible. Clearly, the amount of reduction would vary across items,
but since no specific data were available, this assumption seemed reasonable for illus-
trative purposes. This alternative structure is shown in Fig. E-9.

All other assumptions are the same as those presented in the previous section.
Stockage was also computed in the same manner, except that it was based on the dif-
ferent pipeline times that result from the reduced BCM. The analysis. as before, is an
equal stockage cost comparison.

The results are shown in Figs. E-10 and E-11 for the 3-day and 6-day WRA
RCTs. respectively. Note that under the condition of continuous shore resupply, the
expected not-fully-mission-capable rate has dropped to 20 percent for the 3-day RCT
case and to 27 percent for the 6-day RCT case at day 120 into the war.

In the case where shore resupply has been cut off, the crossover of the two alterna-
tives occurs at about day 50 of the war for the 3-day RCT case and at about day 35
for the 6-day RCT case. Again we see improved performance of the alternative. Hav-
ing less stock lied up in the long depot pipelines obviously will improve performance.
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Figure E-9. Shore repair alternative with improved BCM.
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Figure E-10. Current structure and shore repair with improved
BCM with and without resupply from ashore- repair
cycle time: 3 days.
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Figure E-11. Current structure and shore repair with improved
BCM with and without resupply from ashore- repair
cycle time: 6 days.
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SUMMARY

This case study compares the current support structure for the SAC B.52/KC.135
fleet with a structure developed at RAND in the early 1970s called the Reallocation
of Activities Alternative (RAA). With an RAA support structure, most activities are
consolidated at a Support Mission Base (SMB) which supports very limited activity at
its associated Combat Mission Bases (CMBs). For this application, essentially all activ-
ities for a given Mission Design Series (MDS) are assigned to one SMB. with CMBs
providing dispersed sites for standing alert and maintaining survivability of the fleet.
In this study, a hypothetical beddown is constructed for comparison with the current
structure consisting of 84 B-52Hs, 139 B-52Gs, and 435 KC-135s assigned to 24
Main Operating Bases (MOBs). The comparable RAA structure, which uses the same
number of bases, has one SMB each for the B-52G and H, two SMBs for the KC-
135, six CMBs for B-52G alert, four CMBs for B-52H alert, and six CMBs for KC-
135 alert with KC-135s also standing alert at each of the bomber SMBs and CMBs.
(Four MOB's remain in the RAA structure to support the B-52D and the FB-111.)
This study compares the costs and effectiveness of the two structures.

The study was motivated by the decision to use the B.52 as the carrier for the Air
Launched Cruise Missile (ALCM). With this decision, the life of the B-52 in the Air
Force inventory has extended into the foreseeable future. Since one of the' main ad-
vantages in the RAA is a reduction in the recurring costs of operation, the extended
life of the B-52 makes the RAA a more attractive option. Additkonal benefits in
terms of reduced procurement should also be gained for the ALCM, with support
equipment and personnel required at far fewer locations. The increase in scale at the
SMBs should also allow some depot-level work on the ALCM to be performed at base
level. This may provide substantial cost avoidance in equipment, people, and spares
acquisition for the ALCM.

The results of this analysis indicate that the RAA (as the support structure for the
B-52G, B-52H, and KC-135) would save about 18,000 people. Over 60 percent of
that saving would come from base support services, and about 30 percent from econo-
mies of scale in the primary mission elements. This reduction equates to a savings of
$250 million a year. The RAA also requires fewer spares to support the weapon sys-
tems, amounting to a reduction of $32 million in spares required, yet maintaining the
aircraft at a higher OR rate than the current structure. These excess spares could be
used to reduce out-year replenishment spares buys.

A number of RAA's aspects require a detailed bed-down before it can be com-
pared with the current structure. Some attempt has been made to estimate additional
facilities cost; the rough estimate indicates that RAA could require $150 million for
additional facilities on the SMBs. a cost that would be more than paid off by one year
of manpower savings. The actual cost could be less, if bases other than the ones
owned by SAC were available. A more detailed analysis of facilities requirements of
an actual bed-down is still required. No attempt has been made to quantify costs of a
transportation system to support the RAA, although this cost is not expected to be a
driving factor. Finally, although Rand performed studies of force survivability under
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the RAA and found it essentially the same as under the current structure, an updated
analysis is needed in light of current Soviet capabilities, new alert rates, and changes
to available SAC bases.

The areas addressed in this study indicate that the RAA has several striking eco-
nomic advantages over the current structure; the scale of these economies warrants
further detailed implementation analysis by the Air Force.

L!



I. INTRODUCTION

BASIC CONCEPTS OF THE STUDY

The case study of Logistics Support Alternatives for the B-52 investigates whether
organizational and procedural changes can reduce the operating and support costs that
would be required under current logistics concepts for the projected ALCM force,
while maintaining mission capability. The CONUS-based KC-135s are also consid-
ered. The analysis is based on the following concepts:

* Consolidating ALCM carriers and missiles on as few bases as possible, given
survivability and other mission constraints.

* Centralizing maintenance and support operations at these larger bases.
" Providing decentralized, smaller, operating bases with sufficient support ca-

pacity to provide survivable combat.ready strategic capability.
" Migration of SAC repair workload from the depot system to SAC.

The Air Force has recently considered various forms of these concepts. Their integra-
tion into a support concept is the subject of this preliminary analysis by the DRMS.
It is our understanding that CINCSAC believes that a thorough evaluation of these
concepts for the Air Launched Cruise Missile (ALCM) carrier is warranted.

BACKGROUND

With the President's decision to cancel production of the B-1. the DoD will have to
rely on the B-52 as the backbone of the aircraft portion of the strategic triad for a
number of years. The Air Force plans to maintain 20 B-52 strategic bomber squad-
rons in the inventory. The introduction of the ALCM and the decision to utilize
B-52Gs and Hs as ALCM launch vehicles, offers a new opportunity to reexamine the
logistics support policies for the B-52.

The current logistics support policies were originally based on the requirements of
the massive retaliation role. Strategies have altered over the years, and there has been
a considerable reduction in the number of aircraft assigned to the strategic role. The
support posture, however, has remained essentially the same. Maintenance is con-
ducted at bases designed to have a high degree of self-sufficiency. Each base performs
on-aircraft work (organizational maintenance) and component repair (intermediate
maintenance) in specialist repair shops. Depot level maintenance on both aircraft and
aircraft components is the responsibility of the AFLC. The supply system to support
the B-52 is a two-echelon system with supplies stocked at each base and at wholesale
supply depots. The base orders supplies directly from the wholesale source, which is
the AFLC for most weapon-system-peculiar parts and the DLA for most common
items.

The three-echelon maintenance system (organizational, intermediate. anti depot)
and two-echelon supply system (base and depot) are standard Air Force systems and
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have served SAC well. However, over the years the costs of support have risen, basic

strategies have changed, and the B-52 fleet has diminished in size. The advent of the

ALCM. with added support requirements for manpower, facilities, test equipment,

spare parts, and handling equipment provides an opportunity to consider an alterna-

tive support structure that can reduce both operating costs and acquisition costs for

support equipment and facilities while enhancing mission capability. This structure
was developed at The Rand Corporation in the early seventies and was called the Re-

allocation of Activities Alternative (RAA).

THE ALTERNATIVE SUPPORT STRUCTURE (RAA)

The essence of the RAA concept is the reallocation of support activities to a lim-

ited number of bases (Support Mission Bases - SMBs) while retaining other bases as

alert dispersal sites (Combat Mission Bases - CMBs) to maintain the required level of

survivability. Currently, B-52 wings operate out of Main Operating Bases (MOBs) that

are essentially identical, with a full range of organizational and intermediate mainte-

nance, supply, personnel. medical, and transportation support. In contrast. RAA
bases vary according to their specific missions and activities. TIn. SMB is a very large

base (two to four times as large as current MOB that supports a particular type of
aircraft. with maintenance. proficienc ' training, and base operating support for all

aircraft on the hase plus at' 3ircralt on its CMBs. The CMBs are small, limited activ-
ity bases that depend on their SMB for most of their support. They are sized to per-

mit launch and recovery of aircraft with limited organizational maintenance, mun-

tions,. andl POL. It is assumed that weapon storage areas (W'SAs) would be main-

tained at each SMB and SMB. The crews and aircraft at a CMB have the SMB as
their home base. The CMB's maior task is to receive incoming alert aircraft, maintain

them while on alert, anti launch them for their return to the SMB or for their combat

mission. CMBs are more than satellites, however; they are larger, less destructible.

and more self-sufficient. They are more akin to a SAC concept of the early 1970's
called Auxiliary Alert Sites.

Figure 1 depicts six bases under the current structure, and Fig. 2 the same six

bases under the RAA. This hypothetical situation is meant to illustrate the proposed

reallocation of activities, given a fixed number of bases.
By maintaining the same number of alert aircraft at the same number of sites, the

BAA theoretically leaves the vulnerability of the system with respect to alert aircraft

essentially unchanged. The original Rand study analyzed relative vulnerability in

some detail. The DRMS has not done that for this alternative. This is one of the kcv
characteristics that must be evaluated under specific threat, bed-down, and alert as-

sumptions. The increased scale of the SMBs. however. provides for some mission-en-

hancing economies while the reduced scale of the CMBs markedly decreases the total
cost of operation.
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Figure 1. Current ttucture.
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IMPACT OF THE ALCM

The original Rand studies of the RAA showed a significant reduction in recurring
costs, particularly manpower costs, over the current structure. At that time, however,
the B-i was expected to replace the B-52 in its bomber penetration mission, and the
B-52 was expected to be phased out of the inventory in the near future. The RAA did
and does require some capital investments to scale up current MOBs to SMBs. With
the time required for transition to the new B-i structure, and the limited life remain-
ing for the B-52 to recoup the initial outlays with recurring savings, there was little
motivation to adopt the suggested alternative. In addition, the penetration mission was
extremely complex, requiring extensive crew training to maintain proficiency. There
was therefore some question whether adequate crew training could be provided with-
out significant ground training while on alert at the CMBs.

The advent of the ALCM has extended the service life of the B-52 into the foresee-
able future. This enhances the attractiveness of the RAA in several ways. First, the
recurring cost savings of the RAA become much more significant with a possible 20-
year future for the B-52. Secondly, the B-52 is an aging weapon system and the
maintenance required to keep it serviceable will tend to increase. Consolidation of all
maintenance at an SMB provides an increased scale that will make it easier to match
personnel and spares to the maintenance requirements. Finally. the cost of military
manpower continues to rise, creating pressure to reduce manpower requirements. The
RAA could provide a way to reduce B-52 military manpower requirements signifi-
cantly while maintaining the effectiveness of the force.

The ALCM will also reduce the complexity of the B-52 penetration mission. This
can be expected to reduce crew training requirements, perhaps to the point where no
training is needed while on alert at the CMB. Even if some ground crew training is
required at the CMB. consideration of the RAA structure during development of the
ALCM may allow techniques, such as mobile trainers, to be developed that will not
require creation of a fixed training facility at the CMBs.

Because the ALCM is still in an early developmental stage. we cannot accurately
predict how its support requirements would differ under the current structure and the
RAA. This stage offers the opportunity. however, for the RAA to influence ALCM
development so that minimal resources are required at the CMBs. Fewer maintenance
shops will have to be equipped and staffed (two SMBs in the RAA versus 12 MOBs
in the current structure). Considerably less depot repair will he required for the
ALCM since, with only two repair points, the Optimal Repair Level Analysis
(ORLA) model will drive some depot repair items to he repaired at the SMBs. Fi-
nally, the requirements for spare parts will also be reduced considerably by consolida-
tion at two locations.

This case study provides an initial comparison of the projected costs and benefits of
the RAA and the current structure in support of the ALCM fleet. It relies heavily on
the Rand analyses of the RAA conducted in 1973 and 1974. Since those analyses
were performed. the B-52 fleet has changed considerably in basing. alert rates, num-
bers of I 1E. and crew ratios. These factors are integrated into the current analysis and
significantly change some of the quantifiable results. The basic conclusions of the
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original studies still stand however; the RAA offers an alternative support structure
that maintains the effectiveness of the force at a considerably reduced operating cost.



II. COMPARISON OF THE RAA AND THE CURRENT
STRUCTURE

The comparison of the two structures is based on a representative bed-down of the

B-52/KC-135 fleet as it might look upon introduction of the ALCM. The RAA alter-

native is constructed to provide the same number of alert sites as the current structure
to minimize the effect on force survivability. Since the RAA is geared to supporting
the relatively inexpensive CMBs from an SMB, force survivability could be readily en-

hanced under the RAA by the addition of more CMBs. It simplifies this initial analy-
sis, however, to keep survivability essentially the same under both structures. Surviv-
ability of the two structures will be discussed in more detail in a later section.

This study also compares manpower requirements, reparable spares requirements,
facilities, and quality of life issues. The Rand study of the RAA provides the frame-
work for the comparisons. Where necessary, those results have been adjusted to re-
flect the changes in the strategic force in its peacetime operational scenario since
1974. A concluding section discusses remaining areas of analysis and some of the

problems of implementation.

SCENARIO FOR THE COMPARISON

There have been a number of changes in the nature of the B-52 force since the
original RAA analyses. Although the analytic approach used is still valid and will be
followed in this case study, a new scenario was constructed for the comparison that
reflects the currently envisioned operational environment. The relevant factors re-
quired for this comparison are: number of UE, alert rates, crew ratios, activity rates,
and basing of the B-52/KC-135 fleet. Table 1 provides the values for the first four
factors, while Table 2 displays the assumed basing for this analysis.

The B.52G and B-52H are to be the prime carriers for the ALCM. The B-52D, al-
though included in the original Rand analysis, is therefore not included here except as
it affects the basing costs of the colocated KC-135s. The RAA structure for this analy-
sis will have four SMBs, one each for the B-52G and B-52H, and two for the KC-
135. Since the B-52G is currently located on seven bases, there will be six B-52G
CMBs in the RAA. Similarly, the B-52H will have four CMBs. The KC-135 fleet will
stand colocated alert at each of the bomber CMBs and SMBs, at each of the three
B-52D MOBs, and at one FB-111 MOB. To maintain the same number of alert sites
as the current structure, the KC-135 will require six additional CMBs. Figure 3 de-
picts basing for the three aircraft types under the RAA. The number inside each cir-
cle is the expected number of aircraft (excluding alert) on that base; the paired num-
bers under the circles are the numbers of bombers/tankers on alert at that site. (At
the remaining MOBs the numbers inside the circles refer only to the numbers of
tankers there.) The alert rates correspond to those in Table 1. If the alert rate were
increased to. say, 40 percent, the number of aircraft on the SMBs would be reduced
by 14 percent. The CMBs would then be sized to accept a 33 percent increase in alert
aircraft. Note that the SMBs themselves have a significantly smaller alert force than
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Table 1.-SAC bomber/tanker operating parameters
for this analysis

Parameter B-52G B-52H KC-135

Alert rate (percent) 28.0 28.0 30.0

Crew ratio (crews/acft) 1.3 1.3 1.27

Activity rate 3.0 3.0 3.0
(sorties/crew/mo)

No. of UE 139.0 84.0 435.0
(CONUS-based) 1

1 As in the original Rand analysis, those aircraft assigned
to the CCTS at Castle are not included in this analysis.

the CMBs. This is because the SMBs are envisioned as being located in desirable
areas to improve the 'quality of life" of SAC personnel. Since desirable areas tend to
be in areas of short strategic warning, the dominant portion of the alert force is
placed on the CMBs, which are situated at locations with maximum strategic warning.
Because of the large number of KC-135s in the force, not all of them are to be main-
tained at two SMBs; 30-UE wings are stationed at the B-52D MOBs. the FB-111
MOBs, and the B-52H SMB. The manpower computations that follow are based on
this scenario. If the size of the SMBs had to be further reduced, additional aircraft
squadrons could he bedded down at the four tenant bases, which become CMBs under
the RAA structure. This would increase the RAA manning by about 500 people. less
than three percent of the total manpower savings of the RAA.

The comparative analysis of the two structures is based on the current structure
represented by Table 2 and the RAA structure as depicted in Fig. 3. The B-52D and
FB-ll I are not considered in this comparison. However. as suggested in the original
Rand study, the RAA structure could be considered for extension to these MDS as
well.

COMPARISON OF MANPOWER COSTS

This analysis builds on the initial Rand analysis of the RAA. which used a model
of bomber/tanker operating costs developed at Rand. 1 Results from the model indi-

The model is documented in R. I. Hess. BOMTA.N.. .4 Modcl.for Estimating the Annual

Cost of Bomber and Tanker Squadrons. R-1438-PR. Ma' 1974 (FOlUO). and R. W. Hess. BOMTA N:
A Model for Estimating the Annual Cost of Bomber and Tanker Squodrons: .4 Classified Supplement
of Estimating Relationships and Cost Factors (U). R-1439-PR. May 1974 (Secret).

L l I I . .I . . .. .. . .. . ... . .
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Table 2.-Assumed basing structure

Number of UE at each base

Base No. B-52G B-52H KC-135

1 16 0 13
2 16 0 16
3 16 0 19
4 30 0 9
5 16 0 30
6 15 0 14
7 30 0 18
8 0 20 19
9 0 18 19

101 0 15 13
11 0 16 13
121 0 15 14
131 0 0 19
14 0 0 30
15 0 0 142
16 0 0 24
17 0 0 30
18 0 0 132
19 0 0 18
20 0 0 123
21 0 0 30
22 0 0 15
231 0 0 142
24 1 0 0 19

Totals 139 84 435

1 Non-SAC (Tenant) bases.

2 Colocated with B-52D wing.

3 Colocated with FB- 111 wing.

cated that the RAA could save manpower in two areas. The first is base level support

(Base Operating Support (BOS), and Personnel Support (PS)). A typical MOB pro.
vides a wide range of services to its inhabitants. Each of the functions provided re-
quire:. an initial increment (Base Opening Package (BOP)) of personnel independent
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Figure 3. RAA basing structure.
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of operational units on the base. A typical SAC BOP is shown in Table 3. As opera-
tional units are brought onto the base, additional BOS and PS personnel are required
to handle the variable workload.
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Table 3.-Base opening requirements for a MOB 1

Total
Item Officers Airmen military Civilian Total

SAC base opening 45 760 805 349 1154
package

Personnel support 2 54 56 2 58

47 814 861 351 1212

1 USAF Cost and Planning Factors Manual (U), AFM 173-10,
(Confidential).

This manpower is required at every MOB to provide the required services. Scaling
an MOB down to a CMB, which requires only limited, mission-related services, sig-
nificantly reduces manpower requirements. Table 4 shows a Base Opening Package
for a CMB.

Table 4.-Base opening package for a CMB 1

Total
Function Officers Airmen military Civilian Total

Command 6 6 12 0 12
Maintenance 0 1 1 0 1

Weapon system 0 59 59 0 59
security

BOS 0 122 122 21 143

Total 6 188 194 21 215

1 Source: Hess, R-1439-PR, Table H-2, p. 49.
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The second source of manpower savings is economics of scale within operating
wings. As with a base. an operating wing must provide a variety of services whether it
has one, two. or more aircraft squadrons associated with it. The initial personnel
needed to provide these services represent a "fixed charge" for an operating unit; as
additional UE are added they require proportionately less manpower. 'Fable 5 illus-
trates this with manning requirements for one 14-1E squadron of B-52H aircraft
alongside the additional manning required to add a second squadron.

Table 5 was generated as part of the Rand study by the BOMTAN model. It does
not reflect manning for SRAMs or ALCMs. The Rand study also looked at other
means of estimating manpower requirements for the RAA. such as SAC ll)l,;. SAC
planning factors, and building units from the ground up. All the approaches produced
comparable answers, giving us considerable confidence in using the results of the
Rand study as a data source for this analysis.

The data in Tables 3, 4, and 5 are used extensively in this analysis. First we con-
struct the manning requirements for the current structure, as shown in Trable 6.

The manning in Table 5 assumes a 1.5 crew ratio and is reduced for this analysis
to correspond to the current 1.3 crew ratio. Noncrew manning is adjusted upward to
account for the increased activity rate of four sorties/crew/month for the current
structure. This adjustment is based on a sensitivity, analysis in the Rand study indicat-
ing that noncrew personnel would be increased by a factor of 1.12. 'o accommodate
the nonstandard number of UtE in most of the bomber squadrons. onlv the first 14

Table 5.-Primary program element (PPE) manpower for B-52H squadrons
(Crew ratio = 1.5, ground alert rate = 43 percent, 2 sorties/crew/
month)

First squadron Second squadron

Air- Air-
Item Off. men Civ. Total Off. men Civ. Total

Aircrew 105 21 0 126 105 21 0 126
Squadron admin. 5 3 0 8 5 3 0 8
Maintenance 8 467 13 488 5 257 7 269
Munitions 4 55 0 59 0 11 0 11
Weapon sys. sec. 1 160 0 161 0 52 0 52
Wing staff 34 62 4 100 16 29 2 47

Total 157 768 17 942 131 373 9 513
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aircraft in any location are assigned manpower based on the "First squadron" re-
quirements. Each additional aircraft is assumed to require only 1/14 of the manning
for a second squadron. The resultant PPE (Primary Program Element) manning for
the B-52G and H is shown in Table 6.

To the PPE manning must be added the variable base operating support (BOS)
and personnel support (PS) manning required to support the operational units at the
MOBs. These requirements are calculated using the BACE model in AFM 173-10.
The final manning increments required are the Base Opening Package (BOP) require-
ments and the concomitant PS. For the B-52G, seven BOP increments are required.
For the B-52H, only three BOP increments are required since two B-52H units are
tenants on non-SAC bases. The total manpower requirements for the B-52G and H
current structure are shown in Table 7.

It remains to compute the manpower requirements for the KC-135 under the cur-
rent structure. Data of the form shown in Table 5 were not available for the KC-135
so actual manning data for KC-135 units at the bases listed in Table 2 were obtained.
As a proxy for the difference in manning between first and subsequent squadrons,
KC-135 units colocated on MOBs with bombers were used as representative of subse-
quent squadrons, while units not colocated with bombers were assumed to be repre-
sentative of First Squadrons. This appears to be a reasonable approximation because
of SAC's policy of predominance, which assigns manpower used jointly by bombers
and tankers to the bomber unit. Thus a KC-135 unit colocated with a bomber unit
will show only that additive manning beyond that provided by the bomber squadron.
This approach results in an estimate of 33.1 men/UE required for an independent
tanker squadron, and 23.5 men/UE for a colocated squadron. These numbers are
conservative in that they show fewer economies of scale than a comparison of first
and subsequent bomber squadrons. The manpower requirements for BOS, BOP, and
PS are computed as before. The KC-135 is charged with only six Base Opening Pack-
ages for the current structure, since at all other bases it is either colocated with SAC

Table 6.-Current structure: primary program

element (PPE) manning

Manning B-52G B-52H

Crews
Officers 905 545
Airmen 181 109

Other
Officers 495 323
Airmen 7070 4624
Civilians 162 106

Total 8813 5707
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Table 7.-Manpower requirements: current structure

B-52G B-52H

PPE
Officers 1,400 868
Airmen 7,251 4,733
Civilians 162 106

Total PPE 8,813 5,707

BOS and PS
Officers 154 95
Airmen 1,739 1,128
Civilians 257 167

Total BOS and PS 2,150 1,390

BOP and PS
Officers 332 142
Ai rmen 5,694 2,440
Civilians 2,457 1,053

Total BOP and PS 8,483 3,635

Total, all manning 19,446 10,732

bombers or is a tenant on the base of another command. Table 8 shows the man-
power requirements for the KC-135 under the current structure.

The manpower requirenments for the RAA are computed in much the same way a,
for the current structure. Inder the RAA each SMB will require full PPE manning
for only one First Squadron. with the remaining UE manned at the rate for subse-

quent squadrons. The KC-135s based at MOBs and at the B-52H SMB are also man-
ned at the rate for subsequent squadrons. since they are colocated with bomber ele-
ments. There will also he additives, under SAC policy, for those aircraft standing
alert away from home base. Thus the PPE manning fir each SMIB includes one addi-
tional crew for each six aircraft on alert away from home. three additional mainte-
nance men for each bomiber/tanker pair on alert at a CMB (this increment is as-
signed to the bomber SMBs in accordance with SAC's policy of predominance), plus
one additional munitions man for each bomber on awav-f'rom-home alert. The total

PPE manpower requirements are then used to compute BOS and PS requirements.
Finally, each SMB requires a Base Opening Package and additional Personnel Sup-
port. and each CMB requires its own smaller base opening package and personnel
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Table 8.-KC-135 manpower requirements:
current structure

PPE
Officers 2,878
Airmen 8,372
Civilians 172

Total PPE 11,422

BOS and PS
Officers 310
Airmen 2,191
Civilians 334

Total BOS and PS 2.835

BOP and PS
Officers 283
Ai rmen 4,881
Civilians 2,105

Total BOP and PS 7,269

Total, all manning 21,526

support (shown in Table 4). Additional Direct personnel and Base personnel required
by the CMBs will be TDY'd from the SMB. Thus, these manpower estimates were in-
cluded in the SMB manpower estimates. Table 9 shows the total manpower require-
ments of the RAA structure.

Comparisons of Tables 7 and 8 with Table 9 show that the RAA requires about
18,000 fewer people than the current structure. Of this figure., over 60 percent is at-
tributable to basing requirements with about 30 percent of the savings coming from
PPE manpower.

The annual manpower costs of the two structures is obtained by using standard pay
and allowance factors for FY 78 from AFM 173-10. The crews are costed at rated
officer and airman rates, with remaining military and civilian personnel costed appro-
priately. The results are shown in Table 10.

The projected manpower savings alone are close to a quarter of a billion dollars a
year. This is in the same ballpark as the original Rand study in spite of basing
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Table 9.-RAA manpower requirements.

B-52G B-52H KC-135

PPE
Officers 1,249 762 2,644
Airmen 4,755 3,024 7,691
Civilians 101 65 157

Total PPE 6,105 3,851 10,492

BOS
Officers 140 86 314
Airmen 1,194 754 2,051
Civilians 179 113 307

Total BOS and PS 1,513 953 2,672

SOP and PS
SMB

Officers 47 47 94
Airmen 814 814 1,628
Civilians 351 351 702

CMB
Officers 40 26 26
Airmen 1,207 805 805
Civilians 129 86 86

Total SOP and PS 2,588 2,129 3,341

Total
Officers 1,476 921 3,078
Airmen 7,970 5,397 12,175
Civilians 760 615 1,252

Total, all manning 10,206 6,933 16,505

changes made since that study was done. Although the basing changes reduced man-
power savings by some consolidation of MOBs, the annual cost of manpower has in-
creased rapidly, offsetting the reductions in manpower. If manpower costs continue to
rise, as is most likely, these economic advantages of the RAA will be even more
striking in the future.
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Table 10.-Manpower cost comparison
(in $ million)

Current
Item structure RAA Difference

PPE 327.239 267.371 59.868
BOS and PS 74.678 61.140 13.538
BOP and PS 258.248 95.752 162.496

Total 660.165 424.263 235.902

COMPARISON OF SPARES COSTS

Under the RAA essentially all maintenance and all supply transactions will occur
at the SMBs. This will reduce stockage costs in several ways. There is a direct savings
in spares safety level requirements by consolidating stockage requirements at four
SMBs from 20 MOBs. Although we were unable to get an estimate of these savings
for the KC-135, we have made an estimate for the B-52Gs and Hs. Using the DO-41
data base for all recoverable items on the B-52G, Chapter 11 stock level computations
were made to determine the spares required for the RAA and the current structure.
Two cases were run. The first compared B-52G requirements for one SMB supporting
139 aircraft with requirements for seven MOBs. The B-52G data were also used as a
proxy data base for comparing the B-52H SMB requirements for 84 aircraft against
five MOBs. The results showed not only a substantially decreased spares requirement
in both cases, but also a significant reduction in backorders (a backorder occurs when
an item is required to repair an aircraft but is not available from supply reduced
backorders thus equate directly to increased operationally ready aircraft). Two more
runs were made to determine what spares level was required to support the aircraft at
an operationally ready rate equivalent to the current structure. In these runs the num-
ber of spares for the RAA structure was minimized subject to the constraint that
backorders for every item be equal to, or better than, backorders in the current struc-
ture. The results of these runs are shown in Table 11.

Because of the "less than or equal to" constraints on backorders, the optimized
spares case for the RAA still incurs only 40 percent of the backorders for the current
case for both the B-52G and B-52H. Yet the RAA requires $36.4 million less in
spares than the current structure. This considers the B52-G/H force only. Similar im-
provements would occur for the KC-135 fleet.

Since the spares have already been bought for the B-52, this may appear to be a
false saving since the excess spares could not be sold off to recoup the dollars already

i il i - -- " F I I . .. . . .. . . " n i . .. . . .. ... ... . .. . .. . ... .. .. .. . ...
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Table 1 1.-Comparison of spares costs and backorders: RAA vs current
structure (Costs in $ million)

B-52G B-52H

Equal Equal
Current RAA back- Current RAA back-

Item structure chap. 11 orders structure chap. 1 I orders

Spares cost $48.550 $28.112 $25.702 $30.958 $18.967 $17.433
Backorders 209 44 81 147 39 61

spent. However. the B-52 has a significant replenishment spares budget, estimated to
be about $35 million in 1980. Adoption of the RAA would allow this budget to be
reduced the first year or two of RAA operation, and all or most of the savings could
he attained in this manner. Most important, the RAA would provide much better sup-
ply support than the current system even with fewer spares.

Although we were unable to quantify, the effects in the timeframe available for this
case study, the RAA can be expected to reduce spares requirements and improve per-
formance in other ways as well. The scale of workload in maintenance at the SMB
van he expected to improve the base repair capability so that fewer items need to be
sent to the depot for repair. This was one of the effects documented in the evaluation
of' the PACAF Centralized Intermediate Repair Facility (CIRF) and was attributed to
the increased scale of that facility over a normal base. It significantly reduced the
spares in the depot pipeline and thus reduced overall stockage requirements. The
same effect can be expected with the RAA even though its magnitude will be difficult
to estimate.

One final effect of the RAA concerns those reparable items that are coded for de-
pol repair only because of the expensive equipment or specialized skills needed for
their repair. Under the RAA. with the increased scale at the SMB and the decrease
in number of base repair locations, many if not all of those items might be repaired
at the SMB, since it will be more economically feasible to provide the equipment and
skills at a limited number of locations. This may not affect the B-52 significantly
since the depot repair equipment is already purchased anl additional equipment to set
up both SMIls with repair capability may be impractical. However, it has striking im-
plications for the ALCM. U nder the RAA the base level repair of the ALCM occurs
only at the two bomber SMBs. By buying two sets of depot repair equipment for the
Al I'M rather Ihan one, essentially all "'depot'" repair could be done at base level, ob-
%iating the need to buy spares to compensate for the depot pipeline. This could appre-
cialh reduce the spares buy for the ALCM.
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To determine the magnitude of the migration of repair from the depot, the DRMS
tasked AFLC to conduct an illustrative ORI.A study of 43 items used on the B-52G.
The items selected for analysis were ones that generate a high dollar volume of' depot
repair work. This study showed that if only two intermediate maintenance facilities
were used to repair these items, that between 60 percent and 98 percent of the items
should be repaired at the intermediate level, whereas with 9 intermediate repair loca-
tions between 14 percent and 65 percent of the items would be repaired at the inter-
mediate level. Although this ORLA study was only illustrative, it clearly supports the
DRMS premise that work would migrate from the depot to the intermediate level if

the number of intermediate maintenance facilities is reduced. The Appendix presents
details of the ORLA study conducted by AFLC (AFALD/XRS) for the DRMS.

FACILITIES COSTS FOR THE RAA

Accurately estimating the size of the facilities investment requires a bed-down of
the force as an input, so that the estimate can be put together base by base. The total
investment is clearly a function of the number of SMBs. It is not a linear function.
since several bases already have populations (either in IT or people) greater than or
about the size of an SMB. For example. the B-52G SMB is forecast to require about
9000 people. Andrews. Davis-Monthan. Eglin. Lackland. Langley. Offutt. and Travis
all have over 9000 as a base population. At least ten other bases have more than
7000. In terms of aircraft population. (;rissom has 91 IT. Travis has 91. Plallsburgh
has 76. and Barksdale 84. These bases. thouJi they are not a single NIDS nor operat-
ing like an SMB. do provide some relevant experience. The point is nlot Ihat these are
necessarily potential SMBs. but that the size of an SMB. though clearly on the high
side of current MOlls. is not o)utside the experience of operating coMnmands. If We
consider only a sample of the facilities requIirel, such as ramp space and run ways 10.-
000 by 300 feet or greater. there are five SAC bases that currently have Ihe required
runway and ramp space for 60 or nore B-52s (at 13.000 square yards per aircraft).
It is clear thai the investment would go toward modifying existing facilities, rather
than building brand-new ones. Though it is true that a sizable one-lime investment
can be justified bv the large annual savings forecast. we recognize the problem of
spending money on the promise of" future savings. The natural, phased implementa-
tion that this type of concept requires might go a long way to make this an easier
problem. The first SMB could by design require the least investment.

A 1974 Rand stud% addressed the costs of" converting selected S AC bases to
SMBs. These are provided in updated format here strictly as a rmig/ approximation of

additional facilities costs for the RAA.
The Rand study assumes that Blythevillhe AFB represents the facilities requirements

for a 30-I E unit. The requirement for each class of facilitv on an SMB is determined
by dividing the like facilities available at Blytheville by :30 and multiplying the result
by the number of I(T assigned at the SMB. adjusted by an efficiency factor. Facilities
categories considered were runways. ramps, hangars. maintenancv, and administra-
tion /operat ions. The top line of' T Ile 12 shows the representative data on facilities at
Blytheville. For this comparison Barksdale AF13 was designaled the B-52(; SMB.

t
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Carswell AFB as the SMB for the B-52H, and Fairchild AFB and Plattsburg AFB as
KC-135 SMBs. For each of the candidate bases, Table 12 shows the required facili-
ties based on the number of aircraft assigned to the SMB. the available facilities at
each, and the shortfall. The cost of construction to remedy the shortfall is also listed
(in FY 1974 dollars).

Table 12.-Estimated facilities costs for the RAA.

Runways 
1  

Ramps Hangers Maintenance Admin/OPS
Base U.E. (number) (sq. yds.) (sq. ft.) (sq. ft.) (sq. ft.)

(Reterencei Blythev lie 30 1 794.002 218,339 271,523 214,483

B-52G SMB Required 99 2 1.865,024 647.063 804,677 494,996

Barksdale 1 1,546.104 506.155 832,575 801,955

Shortage 1 318,920 140,908 0 0

Cost 2 
(SM) 16.0 9.568 4.931 0 0

B 52H SMB Required 79 1 1,381.459 524,097 651,760 395.907

Carswell 1 930,656 452,489 409.269 565.439

Shortage 0 450.883 71,608 242,491 0

Cost 2 
(SM) 0 13.524 2.506 6.062 0

KC 135 SMB Requited 99 2 1,316.068 644.033 800.909 495.456

Fairchdd 1 1,213.623 1,053,284 1,354.044 647.735

Shortage 1 102,445 0 0 0

Cost
2 

(SM) 16.0 3.073 0 0 0

KC135 SMB Required 100 2 1,329.362 650.538 808.999 500,461

Plattsburg 1 1,233.358 477.014 463.785 452,775

Shortage 1 96,004 173,524 345.214 47,686

Cost
2 

(SM) 16.0 2.880 6073 8630 2 146

To)taocosts ISM) 48,0 29.045 13510 14692 2 146

I1 For ths arralvsrs it is assumed that the 8-52H SMB recluires OnlV one runway, with all other SMB's
reotrin~rg two runways

2 Runwry costs art, from R 1439-PR. other costs from "Estimating the Cost of Relocating Military Bases."
IRM 5585 SA) updatedr to 1974 dollars Iw Al Barrbour



Appendix D
BASE OPENING PACKAGE COST

Manpower cost/military includes PCS travel, quarters, retirement. training, and
support costs, plus dependency and indemnity compensation, unemployment compen-
sation, educational benefits, and income tax adjustment.

Civilian cost includes overtime and holiday pay, retirement. life insurance. health
benefits, terminal leave, training, workmen's compensation, and unemployment com-
pensation.

Source: USAF Cost and Planning Factors Manual (U). AFM
173-10 (Confidental).

Appendix D.-Base opening package cost

Manpower cost of personnel-Air Force

Officers: $32,877/year

Airmen: $15,733/year
Civilians: $20,654/year

Officers (71) ($32,877) = S 2,334,267
Airmen (755) ($15,733) $11,878,415

Civilians (371) ($20,654) S 7,662,634

Total 1197 S21,875,316
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Appendix E
A-10 OPTIMUM LEVEL OF REPAIR (ORLA) STUDY

The Air Force Logistics Command ,(AFALD/XRS) conducted an illustrative
ORLA study for the DRMS on a sample of 69 A-10 items that generate a high dollar
volume of depot repair work. It should be emphasized that this was just an illustrative
study which showed that as the number of intermediate repair activities is decreased.
the number of items that should be repaired at the intermediate level increases. Three
different series of runs were made to determine the sensitivity of the level of repair
decision to the amount of technical training necessary and the amount of support
equipment required to establish a repair capability for the item at the intermediate
level.

The first series of runs included the cost of twelve weeks of technical training and
$10.000 in additional support equipment. The second series of runs included 25
weeks of technical training and $50,000 of test equipment. In the third series of runs
the technical training requirement was increased to 52 weeks and the support re-
quired increased to $100,000. All three ranges of increases in investment are per
item repaired and are referred to as the Low, Medium, and High Investment cases.
The results of these runs are summarized in Table E-1.

Table E-1.-Summary of ORLA study of 69 A-10 items

Low investment 1 Medium investment 2 High Investment 3

No. of Depot I level Base Depot I level Base Depot I level Base
bases repair repair discard repair repair discard repair repair discard

1 0 60 9 0 51 18 0 50 19
2 26 33 10 34 16 19 40 9 20
3 37 22 10 40 10 19 45 4 20
5 48 11 10 43 7 19 49 0 0
6 49 10 10 46 4 19 49 0 20
8 51 8 10 46 4 19 49 0 20

10 53 6 10 48 2 19 49 0 20

1 Low investment = $14K technical training cost + $10K support equip ,,! cost
2 Medium investment 

= 
$30K technical training cost + $50K support equipment cost

3 High investment 5 $80K technical training cost + $100K support equipment cost

184
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The data in Table E-1 illustrates that as the number of intermediate maintenance
activities is decreased, the number of items repaired at the intermediate level in-
creases. However, if a high level of investment in acquiring skills and additional sup-
port equipment is incurred, the migration of repair from the depot to the intermediate
level is less pronounced. Each item analyzed was then categorized as to cost and activ-
ity rate (activity rates were based upon mean time (in operating hours) between de-

mands). These cost/demand categories were established using criteria outlined in Ta-
ble E-2.

The 69 A-10 items analyzed were then aggragated using these categories and the

resultant level of repair decisions are displayed in Tables F-3. F-I and E-5 for three
different levels of' investments (i.e.. low = $24K. medium = $80K. and high
$ 162K).

This illustrative case supports the DIRMS pret;Iise that by reducing the number of
intermediate maintenance facilities. more items could, from an economic standpoint,
be repaired at the intermediatc level. This migration of items to an in-theater repair
facility would enhance the ability of a combat commander to support his forces. It
would" improve peacetime readiness and wartime sustainabilitv. If tlhe Air Force
adopts the Forward/Rearward support concept. AFLC should. in conjunction with
theater logistics managers. analyze repair decisions made under the traditional support
concept and reevaluate tlhse decisions taking into account the new support structure.

Table E-2.-A-10 ORLA cost/demand categories

Category Cost Mean time between
demands in operating hours

L < 3,000 < 300

M < 10,000 < 2,000
H > 10,000 > 2,000



A-10

Table E-3.-ORLA analysis 69 A-10 reparables: low investment
required to establish intermediate repair capability 1

No. of Bases 1 2 3 5 6 8 10

Cost/demand
category D2 13 B4 D 1B D I B D I B D I B D I B D I B

LL 1 1 1 1 1 1 1
LM 12 8 4 11 1 12 12 12 12
LH 9 7 7 9 7 9 7 9 7 9 7 9 7 9

ML 3 1 3 1 3 1 3 1 3 1 1 2 1 1 2 1
MM 22 1 6 17 11 12 19 4 20 3 21 2 21 2
MH 6 4 2 6 6 6 6 6
HL 4 4 4 1 3 1 :3 1 3 '1 3
HM 1 1 1 1 1 1' 1
HH 2 1 1 2 2 2 2 2
Total 0 60 9 26 33 10137 22 10148 11 10149 10 10151 8 10153 6 10

t Investment in technical training and support equipment assumed to be $24K

per item.
2Depot repair.
3Intermediate repair.
4Discard at base (no repair).

Table E-4.-ORLA analysis 69 A-10 reparables: medium investment
required to establish intermediate repair capability '

No. of Bases 1 2 3 5 6 8 10
Costdemand]
category D

2 
13 B' D I B D I B D I B D I B D I B D I B

LL 1 1 1 1 1 1 1
LM 11 1 10 2 10 2 10 2 10 2 10 2 10 2
1)H 1 15 1 15 1 15 1 15 1 15 1 15 1 15

ML 3 1 3 1 1 2 1 1 2 1 2 1 12 1 1 3
MM 23 15 8 20 3 22 1 23 23 23
MH 5 1 5 1 5 1 5 1 5 1 5 1 5

HL 4 1 3 1 3 1 3 8 2 2 2 2 3 1
HM 1 1 1 1 1 1 1
HH 2 2 2 2 2 2 2

Total 0 51 18 34 16 19140 10 19143 7 19t46 19 46 4 19 48 2 19

Investment in technical training and support equipnent assumed to he $80K
per item.

'Depot repair.

"lnterrnediat rppair
S "Oscard at base inn repairi
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Table E-5.-ORPLA analysis 69 A-10 reparables: high Investment
required to establish intermediate repair capabilityI

Noof Bases 1 2 3 5 6 8 10
Costldemand BD R

category D 2 
1
3 8' 8D I BD BD I R 1D I B_ D_ IB

ILL 1 1 1 1 1 1 1
LM 9 39 3 9 3 9 39 39 3 9 3
LH 1 15 1 15 1 15 1 15 1 15 1 15 1 15

ML 31 1 2 121 1 3 1 3 1 3 13 1
MM 23 18 4 1 21 1 1 22 1 22 1 22 1 22 1
MH 6 6 6 6 6 6 6

HL 4 2 2 3 1 4 4 4 4
HIMl 1 1 1 1 1 1 1
HH 2 2 2 2 2 2 2

Total 10 50 19140 9 20145 4 201 49 0 20149 0 20149 01 20149 0 20

Ilnvestment in technical training and support e(ILHIlMInet assi ud to hei $1 62K
per item.

2Depot repair
3

lntermediate repair.
4Discard at hase uii repair)
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I. INTRODUCTION

The U.S. Army has about 8.000 helicopters with attack, combat assault, transport
and medical evacuation missions. They are an integral part of the combined arms
team and are critical to the mobility and firepower delivery capability of deployed
Army forces. The level of logistics support-maintenance, supply, and
transportation- will determine the availability and mission-effectiveness of these air-
craft.

The annual operating and support costs associated with an active Army fleet of
5.500 helicopters is on the order of $1 billion. Some 22.000 uniformed Army per-
sonnel are dedicated to aircraft maintenance. Therefore, from the point of view of
readiness, combat effectiveness, and budget impact, logistics support for Army heli-
copters is a critical and substantial factor. Recently, a number of changes in opera-
tional and support concepts and organization have been proposed, and many of them
are in some stage of implementation.

This report documents the results of the DRMS case study of Logistics Support for
Army Helicopters. The study explores the current and evolving logistics concepts,
doctrines, organizational structure, and procedures for support of deployed combat
forces. and the environment in which they would operate. The study suggests several
changes that might be warranted. Emphasis throughout is on maintenance and repair
parts supply support.

Because this report does not present the results of completed research, it does not
recommend courses of action for implementation. The complex interrelationships
among combat units and logistics support forces do not permit rational extension of
these results beyond indicating whether or not the Army appears to be proceeding in
the proper direction and identifying areas that warrant further consideration. Prior to
any implementation, these ideas must be subjected to additional analysis and testing.

This report is organized into five major sections. This introductory section briefly
describes the scope and purpose of the report. Section II briefly describes the envi-
ronment and mission of Army helicopters, discusses a set of six principles which form
the basis for currently approved Army logistics concepts for doctrine and planning,
and explains why the DRMS feels these principles are appropriate. Finally, it de-
scribes the current structure in terms of its suitability in view of the expected environ-
ment and the principles. Section III identifies changes to the current system which
would seem to provide more effective and efficient support to the combat forces dur-
ing wartime. Section IV discusses Army scheduled aircraft maintenance and a prom-
ising test program for depot repair of T-53 engines. Section V summarizes the conclu-
sions and observations and provides recommendations. The appendix provides a more
detailed description of the current and evolving maintenance and supply system.
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II. EVALUATION OF ARMY HELICOPTER LOGISTICS
SUPPORT STRUCTURE

INTRODUCTION

Although the specifics of a realistic scenario for a Warsaw Pact/NATO conflict are
unknown, some general characteristics are considered likely. The transition from
peace to war will be hectic. During the initial period, armored thrusts will attempt
breakthroughs to be exploited by highly maneuverable mechanized forces. Combat
will be intense, pressure will be unrelenting day and night, and attrition will be very
high. Combat units will need high mobility to blunt initial attacks, reinforce battered
units, and reallocate scarce resources to points of greatest need. After the initial
phase, the front will stabilize and units will need to be reconstituted and supported
for a period of sustained combat.

Helicopters will participate in virtually every facet of the land battle: delivery of
firepower, transport of assault troops, logistics resupply, reconnaissance, command
and control, and medical evacuation. The helicopter makes a unique contribution to
mobility, exploitation of firepower. integration of fire and maneuver, massing of
forces, surprise, rapid displacement of forward elements, and flexibility to meet the
demands of a high-threat scenario. Attack helicopters arc a highly mobile and flexible
means of massing anti-armor capability. Transport helicopters can rapidly move
ground forces and logistics resources to exploit offensive opportunities or reinforce de-
fensive positions. Observation and scout helicopters provide a responsive reconnais-
sance capability.

To take maximum advantage of these capabilities, helicopters must be available
where and when they are needed. They must be dispersed for survivability, capable of
massing for maximum effect, and capable of' deploying rapidly to meet requirements
across the combat theater. Continuous combat operations and limited numbers of heli-
copters imply a need for assigning priorities to requirements and striking a balance
between the needs for near-term surge and sustained capability.

The objective of the restructuring of Army aviation proposed by the IJSAREIJR
Aviation Reorganization and ARCSA III (Aviation Requirements for the Combat
Structure of the Army Ill) is to enhance Army aviation's effectiveness in a middle- or
high-intensity tactical combat. The evolving combat structure reduces the number of
separate units and locates them in a division or corps structure. It is4 believed that
pooling assets into fewer units will increase aircraft availability while rtaining a mod-
ular structure for flexibility. Aviation maintenance and supply organizations are being
realigned from a four-level to a three-level maintenance structure; this will provide
greater capability at the aviation company level, reduce the duplication of equipment
and personnel skills at various levels, ani increase the maintenance organization's re-
sponsiveness to needs in a combat environment. (See the Appendix for a more de-
tailed discussion of the evolving maintenance anti supply structure for Army Avia-
tion.)
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This restructuring is consistent with six principles that form the basis for currently
approved Army Logistics Concepts for Doctrine and Planning:'

1. Reducing the logistics burden on the combat forces in the forward combat
area.

2. Fixing combat-essential weapon systems as far forward as possible to maxi-
mize their contribution to the battle effort.

3. Consolidating application of logistics resources behind the forward battle area
wherever possible to capitalize on economies of scale, and maximize the use of
critical skills, tools and test equipment.

4. Assuring that logistics resources in theater are fully responsive to the needs of
the theater commander.

5. Reducing to the minimum the theater commanders' initial dependence on
CONUS depot support by increasing theater war reserve stock and ammuni-
tion consistent with their combat needs and management capability. Assuring
that combat essential spares, emphasizing components and "black boxes," are
on hand with theater forces to reduce initial dependency on CONUS support.

6. Reserving limited theater transportation resources for critical resupply and
evacuation of repairable assets beyond their capability to handle in the for-
ward area.

These principles appear to reflect many of the qualities essential for effective logistics
support to tactical forces. They typify the direction in which the Army and the Air
Force appear to be moving in order to respond to a mid- to high-intensity tactical
combat environment where our resources are likely to be strained to the limit. The
fillowing provides the DRMS view of why these principles seem to be appropriate
and why they should be reflected in the support structure.

PRINCIPLES FOR LOGISTICS SUPPORT

Reducing the logistics burden on combat units should enhance combat effective-
ness, resource management effectiveness, and efficiency. It will heighten the unit's
mobility and flexibility and its integrated logistics capability. The combat unit will no
longer be burdened with moving large amounts of equipment, repair parts, and spe-
cialized personnel, which often require facilities for effective use that are not easily
found in a forward combat area. Resource management effectiveness is increased by
reducing the amount and kinds of resources that the combat commander has to man-
age. Management of combat aviation resources-personnel, materiel, and the logistics
required to support them-has always been complex and is growing more so. Resource
constraints will always force tough tactical decisions. It will help the combat com-
mander if he can focus his attention on mission-essential factors. Increased efficiency
results from better utilization of personnel and equipment and a common unit goal of
generating immediate combat capability. Simplification of training. supervision, and

Memorandum for Study Director. Resource Management Stud,. from Director of the Army

Staff. 19 July 1978.
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management tasks will produce efficient organizational structures tied to a single mis-
sion focus.

Fixing weapon systems as far forward as possible increases their combat availabil-

ity. Evacuating a whole weapon to the rear for repair, instead of a failed component,
reduces its availability in two ways. First, it is unavailable during the time it takes to
obtain transportation and move it to the rear and back. Transporting a helicopter that
is not flyable is a time-consuming task that may require disassembly. or at least, some
preparation to ready it for movement. Additional repair may also be required to cor-
rect damage incurred in transporting the helicopter. Secondly. repair in the rear may
take much longer than it would in the operating organization, which may be moti-
vated by a greater sense of urgency. In any event, it is quicker to transport the re-
quired component and a repair team, if required. to perform the repair forward when
that is possible.

Consolidation of logistics resources behind the forward battle area not only re-

lieves the burden on the combat commander. but also makes economies of scale pos-
sible. In many cases, specialized skills, tools, and test equipment would be underuti-
lized if placed with the forward combat unit, since no unit generates enough workload
to keep them busy all the time, even at peak demand. In other cases, even if fully uti-
lized at peak demand, peak demands across a number of units occur at different
times, so no one unit can fully utilize them all the time. Consolidation across units
tends to smooth the total demand and uses scarce resources more efficientl,. Consoli-
dation behind the forward battle area increases the opportunity to use fixed or semi-
fixed facilities, which are more productive, Maintenance personnel are not disrupted
by the combat environment and the need to move periodically. (Army planning fac-
tors in AR 570-2, fir example, increase man-hour availability bv almost 25 percent
when facilities are fixed.) Consolidation in the rear area is also more conducive to a
production line capability, which would be virtually impossible in the forward area.
and may open up possibilities for using special technology that would not be practica-
ble forward. Complex test anti repair equipment that require fixed facilities and a con-
trolled environment may he much more productive in the rear and infeasible else-
where.

It is vital that in-theotcr logistics rc.ourccs he fully rcsponsirc to the nweds of the

theater commander. Priorities are likely to change rapidly in the early stages of a war,
and outside control of resources will be less able to respond to changing needs. It
takes time to communicate changing requirements through multiple levels of com-
mand. ani more time to communicate changing priorities back down to theater re-
sources. Because no one above the theater commander is likely to have additional in-
formation that would permit a "'better" decision, be should have the authority and the
means for reallocating resources already in the theater as well as those committed to
the theater, even if' they are still en route or not yet in transit. The means must in-
clude a logistics command and control and resource management system.

The theater must depend on its on resources during the initial phase of hostilities.

According to the current planning scenario, the transition from peace to war will be
hectic, transportation resources will be swamped. and lines of communication subject

A



198 ARMY HELICOPTERS

to disruption. Sufficient supplies must therefore be on hand at the outset. Combat-es.
sential spares should consist of' components and black boxes to support a remove-and.
replace maintenance concept at the front to maximize weapon availability. A
grounded helicopter is merely a target until a failed component can be replaced or re-
paired. Remove and replace is always faster and simpler than remove, repair, and re-
place. particularly if the repair must be done at a CON[S depot.

Transportation resources are used more effectively when they carry components in
support of on-line maintenance instead of transporting weapons between the front and
rear. The tonnage and cube is less, and evacuating weapons to the rear degrades oper-
ational availability.

These six principles, then, embody the characteristics required for an effective lo-
gistics support capability for Army helicopters as well as other tactical weapons. Re-
cent and planned changes to Army aviation units and the logistics system supporting
them are consistent with these principles and often demonstrate other qualities desir-
able in a tactical combat environment.

EVALUATION OF THE EVOLVING STRUCTURE

AVITM (Aviation ULnit Maintenance) is integral to the aviation company, is respon-
sible for most routine on-equipment maintenance, and uses a remove-and-replace con-
cept for rapid aircraft turnaround. Failed components arc evacuated to an AVIM
(Aviation Intermediate Maintenance) unit located to the rear for repair. The AVIM
assists AVUM with repair that is beyond AVUM capability because of peak workload
demand or lack of required skills, equipment, or tools. Wherever possible. the AVIM
does so by dispatching a contact team to assist the AVUIM. Aircraft, or more usually
components requiring repair beyond the capability of the AVIM, are evacuated to a
depot facility.

The ARCSA III restructuring, which results in all aviation companies having ten
or more aircraft, means that each aviation unit will have an AVIM capability. (Prior
to restructuring, some units had fewer than 10 aircraft and did not possess an inte-
grated AVIIM capability. They relied on the supporting AVIM for other than orga-
nizational level maintenance.) This will relieve the AVIM from providing routine
AVIAM level support to the smaller units. Each unit will be capable of handling virtu-
ally all on-aircraft workload other than peak demand levels, using a remove-and-re-
place concept. Replacement components will be obtained from the supporting AVIM
on a one-for-one direct exchange (DX) basis. The AVIJM will also have a limited
stock of high-demand parts in its Prescribed Load List (PLL). PLL stockage will also
be obtained through the AVIM.

Conceptually, Army aviation maintenance organization and policy has a number of
features that make it particularly well-suited for the tactical combat environment.
Maintenance in the forward area is confined to routine servicing and rapid remove-
and-replace actions. As discussed earlier, this concept tends to maximize the number
of operationally ready aircraft, and is particularly effective where resources are con-
strained. Assigning the responsibility and the capability to accomplish most of the im-
mediate mission-essential workload to the operational commander, rather than to a
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separate support element, motivates the unit commander to keep his equipment con-
tinuously maintained. He no longer has any incentive to run the equipment into the
ground and then turn it over to "maintenance" for repair. He now has the responsi-
bility and the incentive to balance immediate operational needs against longer-term
aircraft availability.

Manning and equipping AVUM elements to handle something less than the total
peak on-equipment workload and providing a backup capability in a supporting ele-
ment (in this case, the supporting AVIM) tends to capture many of the efliciencies of
a consolidated capability while retaining most of the virtues of a decentralized system.
To the extent that the peaks for different aviation companies are sharp and noncoinci-
dent, the economies can be significant. To the extent the workload is constant (i.e..
no peaking of demand), or the peaks across units occur at the same lime. economies
will not exist for consolidated support. Of course, peaks can be smoothed by simply
delaying work. allowing a backlog to develop to be worked off after the peak has
passed. This option reduces aircraft availability. Consolidation also uses specialized
tools and personnel skills more efficiently where no one unit generates enough
workload to fully utilize them. but several units do.

Implicit in A rmy maintenance philosophy is the concept that all maintenance ele-
ments directly supporting forward combat elements should assign priorities io work
according to a rule of Shortest Remaining Processing Tine First. That is. a rnainte-
nance element should give top priority to the aircraft that can be returned to opera-
lion the soonest. It can be shown that this rule excels all others in maximizing the
number of available aircraft. It also ensures that aircraft which. because of peak de-
mand. require backup assistance and have to wait for a contact team trom the sup-
porting maintenance unit, are aircraft with the longest repair limes.

The division AVIM provides backup support for divisional units with AVIIM capa-
bilitv. IUnder the new structure. the division AVIM company falls under the division's
Combat Aviation Battalion rather than under lhe Division Support Command (1)IS-
COM). Here again, having the maintenance element responsible for providing backup
on-equipment support io Ie AVI M elements assigned to the operational command
channel is advanlageous in allocating scarce resources based upon operational mission
requirements, ye balanced b. the need for longer-erm aircraft availabililtv. "logis-

tics support1 organizations tend to evolve procedures and policies that are conducive
to efficient- logistics support. but are not always responsive to the needs of a tactical
combat organization operating in a dynamic environment. For combat organizations
(the assumption here is that Ihe division is essentially a combat organizalion whose
main focus should be on combat effectiveness), it may be somewhat less efficient to
possess immediate mission-essential logistics support. but it is more responsive to
Combat requirements. Care must he taken, however, that the combat commander is
not burdened with less essenlial logistics activities.



III. AN ALTERNATIVE LOGISTICS SUPPORT POSTURE

INTRODUCTION

Currently. division AVIMs possess a limited component repair capability. A review
of Army aviation logistics doctrine, and interviews with personnel on the Department
of the Army staff and in USAREUR, have made it obvious that in the early month or
two of a European conflict most maintenance resources below corps level, and even
many corps resources (to include AVIM personnel), will be devoted to quick turn-
around of unserviceable aircraft. This turnaround will consist almost exclusively of re-
moval and replacement of components that can be quickly changed in a combat field
environment. The environment, lack of WRM (War Reserve Materiel) aircraft, and
the need for swift aircraft turnaround necessitates such measures as remove-and-re-
place. cannibalization, and recovery of downed aircraft, and effectively precludes com-
ponent repair in the forward combat area. The need for rapid mobility of division as-
sets precludes stocking the wide range of repair parts required to support extensive
component repair within the division. These factors all indicate a potential benefit in
reorienting the mission of the division AVIM and deleting the component repair mis-
sion. The division -AVIM" would then concentrate on its priority mission of backup
to the AVUMs, using the remove-and-replace concept, with spares being repaired be-
hind the division either in corps, in the COMMZ, or in CONUS.

ALTERNATIVE MAINTENANCE CONCEPT

In concept, this alternative would define the missions of the division "AVIM" as
providing a backup maintenance capability for the AVUMs, maintaining the Opera-
tional Readiness Float (ORF), and maintaining the division's combat Authorized
Stockage List (ASL). All specialists, special tools and equipment, and repair parts
presently authorized for component repair in division AVIMs would be removed from
the MTOEs. The "AVIM" would be manned and equipped to perform on-equipment
work to augment the AVUMs. Personnel and equipment no longer required would be
used to augment existing theater-level component repair capability.

Deleting the component repair mission from the division AVIMs appears to offer a
number of benefits. It would reinforce the combat/operational focus of the division's
Combat Aviation Battalion by embracing a total remove-and-replace maintenance phi-
losophy for all division aviation maintenance elements. The primary mission of the
division AVIM-providing a backup capability for the AVUMs-is retained and rein-
forced through deletions of the limited component repair capability, which appears to
be little needed in peacetime and not planned for use during the initial stage of con-
flict. The battalion commander would be able to satisfy immediate mission-essential
needs without being burdened with component repair. which, given an adequate sup-
ply of components, is a secondary mission.
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Removing the associated equipment. specialized skills, and repair parts would in-
crease the division's mobility and ability to react to changing requirements. Supply
stockage would consist exclusively of spare components. and i-odules that are condu-
cive to removal and replacement in the field. There would be no requirement to stock
the numerous lines of small repair parts, kits, and bits and pieces of bench stock
needed for component repair. There would be an increased requirement to stock com-
ponents and modules to support a remove-and-replace concept. 'hat the difference
would be in terms of weight and cube has not been quantified. Certainly, the total
number of line items would be less. The impact on weight and cube may not be
great, since demands for bits and piece parts varies much more than it does for com-
ponents, and much of the current stockage is safety stock to protect against long pipe-
line times back to the CONUS. Managing the reduced number of lines of larger items
should also be easier than managing the much larger number of small items. The divi-
sion maintenance element would possess the personnel and equipment needed for
highly mobile contact teams. which would be quickly deployable by helicopter or
small truck. All other equipment would be deleted from the division "AVIM" TOE.

Consolidating the component repair capability further to the rear would increase
the total theater component repair capability through better utilization of scarce spe-
cialists, tools and equipment. and repair parts. For example. component repair could
be accomplished in fixed facilities with tools and equipment that, while more produc-
tive. are not sufficientlv mobile to be included in division AVIMs or which are too ex-
pensive to replicate in every division. Increasing the theater-level component repair
capability decreases the number of components that must be returned to C()NIS de-
pots for repair and increases the number of spares availabhle in theater b'cause of the
faster turnaround of reparables.

This discussion tends to oversimplify the dichotomy between on-equipment mainte-

nance and component repair. Clearly. some component repair capability will always
exist within the AVIUMs for such tasks as replacement of fuses and knobs, which do
not require special equipment. An item-by-item analysis and construction of" the
Maintenance Allocation Chart and TOEs is needed to define in detail the implementa-
tion of the overall concept. This detailed analysis is beyond the scope of' this study.
We have tried to do a rough macro-level analysis to both illustrate the concept and
provide an order of' magnitude estimate of the potential impacts.

MAINTENANCE MANPOWER IMPLICATIONS

V:e first assumed that the skill mix reflected in current AVUM TOEs [i.e.. the mix
of helicopter repairmen (MOS 67). component repairmen (MoS 68), and Avionics.
fire control and armament repairment (MOS 68 or 35)] is the correct skill mix r-

quired for on-equipment work using a remove-and-replace concept. We also assumed
that the number of helicopter repairmen in the division AVIM TOEs adequately re-
fleets the on-equipment workload of the division AVIM. Given these two assumptions,
it is then possible to estimate the number of component repair specialists required in
the division 'AVIM*" to support AVI M using a remove-and-replace concept.
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Table 1 summarizes relevant TOE information for an infantry division as con-
tained in Army Field Manual 1-15, Aviation Reference Data, dated 30 September
1977. The number of repairmen in MOS 67 was reduced by one-half of the flying
crew chiefs authorized, since only one-half of the flying crew chief's time is available
for maintenance per AR 570-2. Based on the above assumptions, the ratio of compo-
nent repair specialists to helicopter repairmen for an AVIM without a component re-
pair mission would be 0.46 rather than 1.23. This would result in a requirement for
27 component repair specialists (0.46 x 59) rather than the 65 contained in the TOE.
This reduction of 38 component repairmen represents 32 percent of the maintenance
personnel and 20 percent of the total AVIM TOE.

Using the TOE data has the advantage of capturing organizational structure effects,
but it has the disadvantage of reflecting out-of-date MACRIT factors. It has an addi-
tional disadvantage in that some of the division units do not presently possess a full
AVUM capability as will presumably be the case after the small units are consolidated
into a division aviation company. To test the impact of these constraints, a second set
of calculations were done using the MACRIT factors contained in the November
1977 update. Table 2 shows the relevant MACRIT data and the ratios of component
repairmen to helicopter repairmen. These factors show the number of maintenance
personnel per aircraft authorized based upon the planned wartime flying-hour pro-
gram. and other policies and procedures in AR 570-2. The factor for MOS 67 for
UH-ls has been adjusted to account for the fact that each flying crew chief is ex-
pected to devote only 50 percent of his time to maintenance activities. These data in-
dicate a much sharper difference between the AVUM and AVIM ratios than did the
TOE data. Table 3 shows the AVIM' factors calculated by using data from Table 2
for MOS 68.

Using these differences, we then calculated the impact on an infantry division TOE
and the Armored/Mechanized Infantry TOE based on the number of aircraft autho.
rized in the respective divisions.

Table 1.-Infantry division TOE data

Aircraft:
AH-1 33
UH-1 65
OH-58 62
Total 160

Personnel with MOS 67, 68, and 35: AVUMs AVIM Total
Total personel 587 118 795
Discounting flying crew chiefs by '/2 555 118 673
Helicopter repairmen (MOS 67) 381 59 440
Component repairmen (MOS 68 and 35) 174 65 239
Ratio of helicopter repairmen to

component repairmen 0.46 1.23 0.65
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Table 2.-Aircraft maintenance MACRIT factors

AVUM AVIM
MOS AH-1 UH-1 OH-58 AH-1 UH-1 OH-58

Helicopter repairmen (MOS 67) 1.74 1.83' 1.21 0.32 0.39 0.27
Component repairmen (MOS 68) 0.23 0.23 0.25 0.29 0.31 0.34

Total 1.97 2.06 1.46 0.61 0.70 0.61
Ratio, MOS 68/MOS 67 0.132 0.126 0.207 0.906 0.795 1.259

'Discounts 0.5 for flying crew chiefs.

Table 3.-Calculated AVIM MACRIT factors

AVUM
AVIM MACRIT; AVIM'

MACRIT, ratio, MACRIT,
Acft MOS 67 MOS 68/MOS 67 MOS 68

AH-1 0.32 0.132 0.04
UH-1 0.39 0.126 0.05
OH-58 0.27 0.207 0.06

Table 4 shows the difference between the updated AVIM MACRIT factor for MOS
68 and that calculated in Table 3 for an AVIM', i.e.. a division AVIM without a
component repair mission.

The data in Table 5 indicate that, using the MACRIT factors, a standard infantry
division AVIM and one designed without a component repair mission would differ by
42 people. compared with the 38 calculated using the TOE data.

Table 6 shows the difference for a typical USAEUR armored or mechanized infan-
try division, which has fewer aircraft than the infantry division, and a different mix of
aircraft. In this case the data indicate a difference of 32 people.

Table 4.-Comparison of MACRIT factors
for MOS 68

Acft AVIM AVIM' Difference

AH-1 0.29 0.04 0.25
UH-1 0.31 0.05 0.26
OH-58 0.34 0.06 0.28
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Table 5.-Infantry division impact

No. of
Acft Acft MACRIT Personnel

AH-1 33 0.25 8
UH-1 65 0.26 17
OH-58 62 0.28 17
Total 1042

Table 6.-Armored/mechanized infantry
division impact

No. of
Acft Acft MACRIT Personnel

AH-1 42 0.25 10
UH-1 43 0.26 11
OH-58 41 0.28 11

Total 126 32

Based upon these estimates. 30 to 40 component repair specialists, related shop
equipment. and spare parts would be available from each division to augment the
nondivisional AVIMs' component repair capability.

Consolidating the component repair capability further to the rear would increase
the component repair capability in the theater through better utilization of scarce spe-
cialists, tools and equipment. and repair parts. For example. component repair could
be accomplished in fixed facilities with tools and equipment that, while more produc-
tive. are not sufficiently mobile to be included in division AVIMs or which are too ex-
pensive to replicate in every division. Based upon planning factors in AR 570.2. op.

crating in a fixed facility would increase worker productivity by almost 25 percent
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merely through increased man-hour availability. Thus, 33 people relocated from a di-
vision AVIM to a fixed facility in the rear would equal the availability of 41 people in
a division AVIM.

The gain in effectiveness is likely to be higher than 25 percent, however. The 70th
Transportation Battalion (AVIM) at Coleman Barracks in Europe currently provides
AVIM level support for all CH-47s in theater. Additional CH-47 companies are to be
stationed in Europe. In considering options of where AVIM level support would be
provided, planners arrived at one estimate that increasing the capability of the 70th
would require 50 fewer people than if each corps were given its own CH-47C AVIM
capability. Part of the difference was due to using local nationals at the 70th versus
soldiers at the corps. Doing component repair in the rear opens the option of using ci-
vilians. which is certainly precluded if it is done in the division. The increase in over-
all theater-level repair capability would offset to an unknown extent the increased
stockage level of component spares in the divisions.

Increasing theater-level component repair capability decreases the number of com-
ponents that must be returned to CONITS depots for repair. Shortening the average
pipeline time significantly increases the spares available in theater. For example. de-
creasing the average pipeline time for T-53 and T-55 engines by one day in wartime
is equivalent to having an additional $1.50 million worth of spare engines. TI' Army
DARCOM report (Depot Roundout for Aviation Study) estimated a pipeline savings
of $42.969 million for one AVCRAD (Aviation Classification Repair ActivitY Depot)
with 200 direct production personnel. (Each AV(RAD would have 336 personnel of
which 200 are direct-production.) Increasing the ability to turn components around in
theater rather than returning them to CON[US for repair saves on Ihe order of 95
days in pipeline time. In addition, greater theater self-sufficiency is a hedge against
disruption or temporary loss of the theater/CONI S lines of communication anid the
current heavy reliance on Ihe AlOC (Air Line of Communications) to provide Class
IX repair parts to Europe.

If the preliminary calculations for Ihe infantry division are confirmed, and if the
same proportional impact is found to apply across the Army aviation force structure.
withdrawing component repair capability from division AVIMs would free 630 to 850
component repairmen for reassignment to nondivisional AVIMs. If these personnel
were assigned io a fixed facility. the 25 percent increase in availability alone would be
equivalent to adding 100 to 212 repairmen to existing division AVIMs. To the degree
this increase in capability can be utilized to decrease overall pipeline time, additional
assets can be made available to units to support a remove-and-replace concept within
the division. The Depot Roundout Study, for example, concluded that 200 additional
direct labor personnel in an AVCRAI) could generate the equivalent of $43 million
worth of additional assets under wartime conditions in Europe. This capability, plus
prepositioning in Europe additional N'RM stocks presently located in CONIS, would
significantly enhance combat support for helicopter operations.

Supply and Transportation Implications
For either this alternative or the current concept to be most effeclive, higher levels

of spares are needed in the theater. Currently, repair parts slockage in units is based
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on peacetime demand, not anticipated wartime demand. (There is a shortfall of over
$38 million in aircraft repair parts in Europe against currently identified preposition-
ing requirements. Additional assets are being repositioned in Europe to eliminate this
shortfall.) One alternative would be to preposition War Reserve Spares Kits (WRSK)
for each unit. The WRSK would contain only wartime mission-essential spares for
some period of time, say 15 days. For example, a recent study of SOTAS, which uses
a modified UH-60 Blackhawk helicopter as the airborne platform, indicates that a
3-aircraft unit with a WRSK has better mission effectiveness and a lower life-cycle
cost than does a 4-aircraft unit. The WRSK, plus the peacetime stockage, would sup-
port a remove-and-replace capability at unit level. Additional components would be
stocked in theater war reserves at whatever depth is required to support wartime con-
sumption rates, given the expected repair cycle times, etc.

Two additional elements are critical to the successful operation of any responsive
theater logistics capability: logistics management and transportation. These two factors
are even more germane to the scenario, environment, and the alternative mainte-
nance and repair parts supply system discussed above.

A highly dynamic battlefield situation marked by frequently changing priorities
and combat intensity for units, as well as significant differential disruption of re-
sources at units due to combat damage, demands a management and control system
which can both anticipate and react in near real time to changing demands. Cur-
rently. requirements calculations and supply distribution are based on fixed, fore-
casted activity rates and historical demand levels. Furthermore, the materiel manage-
ment system depends upon surrogate measures to determine need. Thus, fill rate and
backorder rate, for example, take on value unto themselves. There is an inherent as-
sumption that all demands for a given item for a given system are of equal impor-
tance, remain relatively constant over time, and either change slowly or in response
to planned events known well in advance. In a dynamic battlefield environment of a
European scenario such preplanned priority systems will fail. There must be a system
to deal with the differential importance of individual weapons. classes of weapons, un-
its and missions as they vary over time. Functional proxy measures will not provide
the intimate knowledge of mission requirements and resource capability to permit rel-
evant allocation decisions. What is needed are more direct operational indicators
based on fully explicated understanding of the local situation. This understanding is
much more likely to reside in the theater and cannot reside in item managers located
back in the CONUS.

In the dynamic environment, it is likely that serious resource imbalances will de-
velop within units. These imbalances are likely to degrade unit capability. Thus, more
routine reallocation of resources within the theater to the units where priority exists is
likely to increase theater capability. This also implies that tasking and planning must
be doni, using frequently updated status information. Given knowledge of both de-
mand and supply. a more optimal use of theater resources i in be obtained in terms of
generating the kinds of combat capability needed, where needed and when needed
within theater resource constraints.

The current Army theater materiel management system has limited responsibility
and capability to satisfy these requirements. In addition to the normal logistics staffs.

&'
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the system consists of the division MMC (Materiel Management Center), the corps

MMC, and the theater MMC. The MMCs provide centralized and integrated materiel

(supply and maintenance) management for all classes of military supply except medi-

cal, communications security, rail mission equipment, and classified maps.
The division materiel management center (DMMC) is a separate TOE unit assigned

to the DISCOM headquarters. The DMMC consists of approximately 150 people pri-

marily devoted to the management of division supplies. The DMMC: (a) determines

requirements for development and technical supervision of division ASLs, PLLs and

ORF lists, (b) procures all supplies received by the division for which the center is re-

sponsible and directs their distribution, (c) manages the division master property rec-

ords and equipment status reporting system, (d) manages the class IX (repair parts)

supply system including development, approval and maintenance of ASLs and PLLs,

(e) operates an integrated maintenance management information program, (f) man-

ages the class Ii supply system, and (g) determines ASL mobility requirements in

time of war.
Two sections, the Class IX Supply Section and the Maintenance Section, manage

the division's repair parts and maintenance resources. The Class IX Supply section re-

ceives, edits and forwards all repair parts supply requests from the maintenance bat-

talion DSts. It also develops and maintains the ASLs and monitors and publishes all

PLLs.
The Maintenance Section is the centralized and integrated division maintenance

management activity for all division equipment except Class VIII, communications se-
curity equipment, rail mission equipment, and classified maps. It manages both orga-

nizational andi direct support maintenance. It operates the maintenance reporting and

management system to maintain status information on combat-essential equipment

and provides materiel readiness information. It develops maintenance plans for divi-

sion combat operations, generates disposition instructions for unserviceables which ex-

ceed the repair capability or capacity of the division maintenance units, and develops

requirements for transportation to evacuate unserviccables from the division area.
These elements certainly provide the nucleus and basis for a theater logistics man-

agement system of the kind we feel is required. The primary changes required for

these elements appear to be the augmentation or development of the requirement in-

formation systems and procedures needed for the wartime mission. There appear to

be major deficiencies, however, in the quantity of supplies available in theater and the

physical means for handling and moving the supplies after they arrive in theater. The

Army recognizes these deficiencies and has begun programming and budget actions to

solve these problems.
Currently, there are insufficient repair part companies to handle the required repair

parts flow. The Direct Supply System (DSS), in peacetime, directs repair parts from

the depot to the requisitioning unit. In wartime, a much larger portion of the repair-

parts flow must be handled at the Corps. This requires repair parts companies in the

Corps. War reserve stock positioned in theater, stockage flowing through the corps,
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repair parts companies to handle the supplies, and augmented MMCs with the re-
quired information and procedures will provide the capability to weight the battle lo-
gistically and respond to dynamic changes in requirements if transportation is availa-
ble to move the supplies to the point of need. Currently, the intra-theater transporta-
tion system is inadequate to meet planned requirements.

While repair parts are an insignificant fraction of the total transportation require-
ment, they are critical to combat capability. When viewed from the perspective of
their criticality to and impact on weapon availability and in turn, combat capability.
rather than the weight/cube magnitude, dedicated transportation assets may be war-
ranted. For the alternative maintenance concept, which makes the individual combat
unit almost totally dependent on a consolidated intermediate repair capability for
components/assemblies, the already deficient transportation system becomes even
more critical. Further study and test of these concepts must ensure that the required
transportation can be made available to move the components/assemblies to the point
of need and evacuate unserviceables to the repair facilities in a timely and responsive
manner. Careful consideration should be given to the potential cost-effectiveness of a
dedicated repair parts transportation system.

IMPLICATIONS FOR NON-EUROPEAN SCENARIOS AND CONUS
PEACETIME ACTIVITY

For a number of reasons, most of the discussion in this paper has focused on Eu-
rope. Army aviation maintenance there is already organized into three levels. There is
a precedent for a single AVIM supporting all AVIM component repair: the 70th
Transportation Battalion provides all AVIM-level support for CH-47s in Europe. Eu-
rope is the current focus of much readiness/programming/budget attention. However,
any reorganization such as the one we are proposing must also be judged by other cri-
teria, including its ability to support CONIIS-based units in peacetime and to adapt to
wartime scenarios in other areas of the world.

Most CON(IS-based units have not yet been reorganized under three-level mainte-
nance. The 101st Air Assault Division at Fort Campbell, Kentucky. is an exception.
The 101st has almost 450 helicopters authorized. Two AVIM companies provide in-
termediate level maintenance for division aircraft. In addition. Fort Campbell has one
GS (General Support) aircraft maintenance company, manned by soldiers who pro-
vide area GS level support. An alternative would be to remove the component repair
capability from the 101st AVIM companies, as proposed in the earlier discussion, and
combine the component repair specialists with the GS company to form a nondivi-
sional AVIM company with an area mission. The resulting AVIM company would
then provide component repair support to the aviation companies at Fort Campbell as
well as those at Fort Knox and elsewhere.

Similar high densities of aircraft occur in other areas of the country. A nondivi-
sional AVIM at Fort Bragg could serve the 82d Airborne and other units in the area.
A Ill Corps AVIM at Fort Hood could conceivably support the more than 1,000 heli-
copters in Texas. Kansas, and Colorado. Other units could be constituted to provide
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component level repair for other areas of the country where there are large concentra-
tions of aircraft. These units could be deployed to Europe or other theaters to aug-
ment the capability there. It should be recognized that these units might not be as
mobile as currently constituted division AVIMs, but for Europe the personnel could
be used to augment the existing units and facilities. For other contingencies, it might
be well to retain one highly mobile unit-that is, a unit that can readily be airlifted to
a contingency area with its equipment. This unit would support the unilateral Corps,
for example. More analysis would have to be done to determine how many nondivi-
sional companies are needed, where they should be located, and so on. In some areas
it might prove better to rely on existing TDA units manned with civilians or on con-
tractor operations, as presently exist at Fort Rucker, Alabama. This would partly de-
pend on how many nondivisional AVIMs with component repair capability are re-
quired to support fully mobilized and deployed forces, and on transportation costs,
pipeline costs, etc. It would at least seem feasible to support CONUS forces and other
scenarios using the same basic concept.



IV. SCHEDULED MAINTENANCE AND DEPOT REPAIR

INTRODUCTION

Scheduled aircraft inspections and maintenance in the Army are performed at the
unit level (AVUM) and at depot level (either at an organic Army depot or by contrac-
tor). The unit-level inspections and maintenance are primarily routine preventive
maintenance (inspection and repair of worn items, lubrication, and replacement of
time-change items that do not require extensive jigs, fixtures, or specialized equip-
ment), while depot-level inspection and maintenance are primarily in support of more
extensive maintenance and overhaul. The Army has made rather extensive changes to
both of these inspection and maintenance programs over the past several years and
further changes are planned for implementation over the next few years.

AVUM-LEVEL INSPECTIONS AND SCHEDULED MAINTENANCE

In 1973 a new inspection package was tested at Fort Campbell, Kentucky, on the
I t- I aircraft. The new package implemented a phased inspection system (as con-
tr.isted to the old periodic system), extended many inspection intervals, packaged the
workload in smaller, more manageable work packages, and concentrated different
phases in different parts of the aircraft. The results of the Fort Campbell test (Test
Versus Control) are shown in Table 7. Based on test results, the new inspection pack-
ages were implemented Armywide and a program was instituted to revise the inspec-
tion packages for all other Army aircraft. Currently, the phase inspection packages for
the IH-I are at 100-hour intervals with an 800-hour cycle. Each phase inspection
should take 3 to 4 days and 100 to 105 man-hours, assuming no shortage of repair
parts or required maintenance personnel and/or skill levels. In one case, we were
told it was taking as much as 10 to 14 days and 150 to 170 man-hours. At the cur-
rent flying-hour program, the UH-1 is due for a phase inspection every eight months.

DEPOT INSPECTION AND MAINTENANCE

As part of its implementation of an On-Condition Maintenance (OCM) philosophy,
the Army has instituted an annual screening of aircraft to determine candidates for
Programmed lhepot Maintenance (PDM) and to prioritize those aircraft for induction
into the depot. This annual screening program is called the Airframe Condition Eval-
uation (ACE) program.

ACE is a special annual evaluation consisting of an examination of the aircraft
structure for symptoms of possible hidden defects together with an assessment of
some overall system condition parameter. The ACE pertains principally to structural
members that are replaceable at depot; it does not pertain to components replaceable
in the field or to time-change items. The inspection phase (presently accomplished un-
der contract by Dynalectron) is performed using a standardized ACE report form to
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Table 7.-Project Inspect test results

Performance measure Test vs control

Improved operational readiness 79.4 percent to 75.9 percent
Reduced maint manhours per flying hour 4.32 MHRS vs 4.97 MHRS
Reduced supply

NORS 1 vs 1.40
Demands 1 vs 1.21
Quantity 1 vs 1.63
$ Value $1 million

Mission reliability (pre-flight and in-flight
aborts) 98.4 percent vs 98.5 percent

record results. There is a TSARCOM pamphlet for each Mission Design Series
(MDS) which provides guidance on conducting the inspection, filling out the report
form. etc. The report forms are submitted to TSARCOM where the information is
keypunched. A weighting factor is applied to each condition code and an overall air-
craft score is computed. Any aircraft with a score above a predetermined cutoff level
is then considered a candidate for PDM. Aircraft are then scheduled for PDM based
on worst aircraft (highest score) first. This program has virtually eliminated aircraft
going to the depot for PDM when nothing was wrong with them that could not be re-
paired in the field. In some cases, under the old system of scheduling aircraft for
PDM based upon either flying hours or calendar time, aircraft previously went
through an expensive PDM program when it was not needed, while aircraft needing
PDM did not go simply because they had not flown as much or had recently com-
pleted their PDM.

The ACE program. coupled with more extensive preinduction inspection and repair
only as necessary, has provided the data base and experience to effectively extend the
depot intervals on Army aircraft. (Under ACE an interval does not exist in the same
sense, but an average interval is imputed from the annual inductions compared to air-
craft inventory.) Table 8 shows past and projected percentages of aircraft going
through PDM. and the average intervals.

All aircraft depot maintenance is performed at Corpus Christi Army Depot (CCAD)
or New Cumberland Army Depot (NCAD), or under contract as part of a modifica-
tion program. NCAD has been doing CH-47s and OH-58s and some components,
such as CH-47 rotor blades and OH-58 rotor heads. The OH-58 is no longer sched-
uled for overhaul and the CH-47 is programmed for a combined overhaul/modifica-
tion under contract. All other organic aircraft depot maintenance is performed at
CCAD.
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Table 8.-Depot maintenance intervals

74 76 Projected
Aircraft Percent/interval (yrs) Percent/interval (yrs) Percent/interval (yrs)

UH-1 22.1/4.5 15.0/6.7 7.9/12.6
OH-58 16.0/6.2 9.3/10.8 0/00
AH-1 18.8/5.3 18.4/5.4 14.8/6.7
CH-47 20.1/5.0 13.3/7.5 4.6/21.7
OH-6 40.8/2.4 12.4/8.1 0/00

CCAD has performed jet engine overhaul and repair. The Army has recently insti-
tuted a test program for repair of T-53 engines at CCAD which could significantly re-
duce the cost of performing depot level maintenance on these engines. Under the test
program, only the specific failure which made the engine unserviceable is repaired.
This limited repair is costing about $5000 to $6000 per engine versus $11,000 per
engine sent to CCAD (for inspection and repair only as necessary) or $22,000 per
engine for complete overhaul. In each case, after maintenance, the engine is run on
the test stand to ensure it meets Army specifications. Initial results, although limited,
indicate that engines receiving only the most limited repair are equally serviceable in
the field as engines that get more extensive repair or overhaul. If the test program
confirms these initial results, considerable savings will result from the limited repair
program. In order to maintain these savings, however, management attention will
have to remain focused on preventing more extensive repairs being done. Such a pro-
gram may prove the feasibility of consolidating repair programs at a depot without in-
curring the costs often attributed to the tendency to "gold-plate" and make things
good as new at the depot. Similar experiments with other components and equipment
might also he equally effective and should be encouraged.

.. . .. . r1 .. . - . . . . . - i~



V. CONCLUSIONS AND OBSERVATIONS

The DRMS examination of logistics support for Army helicopters confirms that the
Army has made great progress toward implementing a much more efficient and effec-
tive, combat-oriented support system. Most of the remaining deficiencies we consider
important are also recognized by the Army as important, and the Army has taken ac-
tions to correct them. In some cases, it would be desirable to move more quickly;
however, we recognize that political and funding realities constrain rapid implementa-
tion of some proposed changes.

Currently, division AVIMs possess a limited component repair capability. Remov-
ing this capability from the divisions and consolidating it with Corps or theater
AVIMs appears to offer a number of benefits. It would man and equip the division
AVIMs to perform their priority wartime mission of providing contact teams to assist
AVUM in the rapid turnaround of combat aircraft through remove-and-replace main-
tenance. Deleting the component repair capability would eliminate the need for spe-
cial tools, test equipment, and repair parts. thereby increasing division mobility. The
resulting organization would perform in peacetime as it is expecied to perform in
combat. It would provide a more responsive capability that is better able to meet the
commander's needs to weight the battle logistically in a highly dynamic combat envi-
ronment. In addition, if preliminary calculations are confirmed and are found to be
applicable across the Army aviation force structure, the alternative would provide an
increase in component repair capability equivalent to adding 160 to 212 repair spe-
cialists to existing division AVIM TOEs. This increase would enable a large reduction
in the number of components going through the long depot pipefine; additional assets
can then be made available to units to support remove-and-replace maintenance at di-
vision level and below. Based on factors used in the Depot Roundout Study, 200
maintenance spaces in Europe could result in an additional $43 million worth of as-
sets being available to theater forces. These results indicate the need for and potential
benefit to be gained from a more detailed examination of the divisional AVIM compo-
nent repair mission. The Army is currently reviewing the divisional and nondivisional
AVIM TOE structure. This review should be expanded to include a detailed examina-
tion of greater consolidation of component repair at Corps and theater AVIMs.

Army supply stockage and distribution policies should be based on expected com-
bat requirements, not on peacetime demands. War Reserve Spare Kits (WRSK) for
combat aviation units may increase combat effectiveness significantly, particularly in
the early days of a conflict when supply and transportation systems are likely to be
disrupted.

Simple and direct mean, are needed for expediting movement and repair of critical
components and for cross-leveling among Army units. Such procedures must be
worked out and exercised in peacetime. They should not depend upon computers or
extensive communications capability. The Material Management Centers (MMCs) in
the divisions, corps, and theater currently provide limited capability and would pro-
vide the basis for an expanded capability.
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Because transportation in the early days of a European conflict, both inter- and in-
tratheater. would be at a premium, the theater and units in it should be self-sufficient
for a time. Current Army doctrine of 75 days of supply of Class IX repair parts
should be so implemented as to enable remove-and-replace maintenance at the divi-
sion level and below. Dedicated intra-theater air and ground transportation to support
the proposed alternative, as well as the current maintenance and supply system, need
to be evaluated.

The Army should continue its efforts to completely revamp the MACRIT system
for developing manpower requirements. A system that relates maintenance manpower
requirements to operational mission capabilities will make it possible to distribute
manpower and maintenance capability with greater certainty of enhancing mission
effectiveness. Many of the factors used to develop aviation maintenance manpower re-
quirements have not been revised or revalidated in a number of years.



Appendix
ARMY AVIATION MAINTENANCE AND SUPPLY

SUPPORT SYSTEM

GENERAL BACKGROUND

The Army inventory of 8,800 aircraft includes 8,000 rotary wing aircraft, of
which 5,500 are in the active Army and the balance in the Reserve and Guard. Table
A-1 shows the inventory by primary mission.

The UH-60A (Blackhawk) and AAH will be entering the inventory over the next
few years to improve the troop-lift/assault and antiarmor mission capabilities. Major
aircraft modification and conversion programs will affect the CH-47. OH-58. and
AH-1 fleets.

Figure A-1 depicts the helicopter combat force structure for IJSAREIR Corps. di-
visions, and Armored Cavalry Regiments. which resulted from the [TSAREIJR Avia-
lion Reorganization Study and the Aviation Requirements for the Combat Structure
of the Army III (ARCSA III). Above the Corps would be an additional Aviation
Group similar to the Corps General Support Aviation Battalion with 225 rotary wing
aircraft. The above structure will add 400 aircraft to the European Theater in peace-
time and illustrates the basic elements of the Army aviation structure.

Each aviation company has integral Aviation linit Maintenance (AVIIM) capabil-
ity. The AVIM performs routine servicing. scheduled inspections and preventive
maintenance, fault detection andi isolation, and replacement of simple-to-remove parts
and assemblies not requiring calibration or alignment. anti evacuates unserviceables
to an Aviation Intermediate Maintenance (AVIM) unit.

Table A-1.-Army rotary aircraft inventory

Type of IJo. inTypeof N. inPrimary mission
aircraft inventory

AH-1G 406 Attack
AH-1Q 39 Attack (antiarmor)
AH-1 S 339 Attack (antiarmor)
CH-47 453 Medium-lift transport
CH-54 73 Heavy-lift transport
OH-6A 414 Observation
OH-58 2033 Observation/scout
UH-1 3948 General utility (troop

transport, assault,
MEDVAC)
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Figure A-i .- USAREUR aviation structure
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Each dIivision and corps has an Aviation Intermediate Maintenance (AVIM) capa-
bility. Thie AVIN' replaces or repairs modules and end items using repair kits, pro-
v'ides direct exchange (DX) and operational float, provides on-site maintenance teams
to assist AVIJMs. and evacuates unserviceables to the depots. AVIM units are struc-
tured according to aircraft density, aircraft type. etc. The division AVIMs. for exam-
ple, have little component repair" capability compared with the corps AVIM. In Eu-
rope. the 21st Support Command also has an AVIM with somewhat greater capability
than that of' the corps AVIMs. Depots perform overhauls. component repair, andi
other task., that require more extensive skills, equipment, andl facilities than are avail-
able in the AVIMs.

Each aviation company maintains a level of'supply (Prescribed Load List (Pl]J,) to
Support its maintenance activity, afld obtains components which are part of' a D~irect
Exchange (DX) program from the AX] M. Thle AVIM maintains an Authorized Stock-
age List (AS I.) of' repair p~arts, a stock of repaired components for issue through the
DX program. and the Operational Readiness Float (01RF) aircraft. To fill their stock-

a,(.all AVIMs requisition through the Corps Material Management Centr(M)o
the National InventorY Contlrol Point (N1('P) in the( CON IS. The CONI 1 depots fill
these requ~isition., and] ship (lirectlY to the requisitioning unit via the Air in.e of' Comn-
munication (ALOC).

CURRENT AIRCRAFT MAINTENANCE AND SUPPLY DOCTRINE

Prior t) Vietnam. Armyv aircraf't maintenance was organized into f'our levels of'
mnaintenance: 0rganiiat ional (Org). 1)irect Support (D)S). G;eneral Support ((CS . and
D~epot. Experience in SEA pointedl up a number of'shortcomings in the fouir levels of'
maintenance for aircraft. T'he basic elements required for mnaintenance at the GS
level, I.e..- the required number of' skilled personnel. facilities. etiuipment and repair
parts, could not be brought into balance. Therefore, the repair ot sephisticated compo~1 -
nents and extensive' airf'ramne repair was retrograded to CONi S depots. Repair at the
DS andi GS level reqluired the dupl icat ion of' critical resources, including personnel.
repair part,, andI special tools. 'Ihlese resources were spread too thin andi shortages re-
sulted. Theliy %werv suibjec'ted to extremein periodIs of' over comminit men t or non -use. It
was felt thiat greaIt er c 'nt ialIiza tion wouldI provid e greater e ffeictiveness and efficiency
since sk ills requi~r'ed Ii r ma in tenanice would( not hbe provided in places where tool
shortages. parts short ages, and lwpaks and valleys in requirements would lead to 'gross
ineflicieni-v. a n I fewer spec' 'ial tools, shop sets, a 11( te(st eq uipmen t wo)ul hbe needed.-
As a result the Ar r Ni began movinrg toward a three-level concept: Aviation U nit
Maintenance- (A lNIM). Aviation Intermnediate Maintenance (AVIM). and depot. Thle
realignment Is graph icallY sbow i as follob ws.
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O:0 RG DS GS DEPOT

AVUM AVIM DEPOT

This realignment gives the aviation company much more capability to support its
own equipment and combines the remainder of the DS and that portion of GS which
is readily done in a combat theater. The portion of GS not readily done in a combat
theater was realigned to the depot. (One study' in 1972 indicated that, for the UH-
ID. 77 percent of the functions were to be performed at Org or DS level. 5 percent
were GS level, and 18 percent were depot level.) This realignment amounts to the
equivalent of at most 200 aircraft maintenance manpower spaces being reallocated
from field level to depot level maintenance.

Each aviation company has its own AVUM capability for aircraft maintenance and
repair parts supply. The size of the AVUM depends upon aircraft density. type of air-
craft assigned. and required Operational Readiness Rates and wartime flying hours.
Each division has an AVIM capability in the form of a Transportation Aircraft Main-
tenance Company to provide aircraft maintenance and supply support to divisional
aircraft units. These companies range in size between 107 and 260 depending upon
aircraft density, type, and mission. For example. an infantry division with 33 AH-Is.
65 UH-ls, and 62 OH-58s would have a total of 814 people who are either mainte-
nance or supply personnel or personnel assigned to maintenance and supply units. Of
the 814 personnel, 625 are assigned to aviation companies and 189 to the division
AVIM. Table A-2 shows the distribution of maintenance and supply personnel across
the aviation companies' AVUM elements versus the AVIM.

Additional aviation companies with AVUM capability are assigned to Armored
Cavalry Regiments (ACRs). Cavalry Brigade (Air Combat) (ACCB), and Corps. Addi-
tional AVIM units are located in the Corps and theater support commands. The avia-
tion companies have AVUM capability comparable to that of companies in the divi-
sions. The AVIMs are somewhat larger and have additional component repair capabil-
ity. Table A-3 compares personnel distributions for five AVIM Tables of Organization
and Equipment (TOEs).

Although. conceptually and doctrinally, the nondivisional AVIM is supposed to
have more component repair capability than the divisional AVIMs, the above figures

Army Aircraft Maintenancc Structure Stud'. U*.S. Army Logistics Evaluation Agency. April
1974.
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Table A-2.-Distribution of maintenance and
supply personnel: AVUMS and AVIM

MOS AVUMs AVIM Total

67 - Aircraft Maintenance1  381 59 440
68 - Aircraft Component Repair 96 47 143
35 - Avionics and Armament 78 18 96

- Supply 38 20 58

Total 593 144 737

1 Includes crew chiefs.

Table A-3.-Personnel distribution for five AVIM TOEs

Aircraft
Aircraft component Avionics E

Total maintenance repair armament
AVIM personnel (67) (68) (35 & 68J) Supply

Inf div 163 59 47 18 20
Percent of maint 48 38 14

Arm/mech inf 107 28 33 15 18
Percent of main? 37 43 20

Air assault div 520 138 134 100 58
(2 companies)
Percent of main? 37 36 27

ACCB 357 60 152 95 20
Percent of maint 20 50 30

Nondivisional 349 117 96 50 51
(Corpsispt cmd)
Percent of main? 44 37 19

showing the MOS distribution do not indicate that this is the case. It should be recog-
nized, however, that the "component repair" specialties are also required for on-

equipment diagnosis and remove-and-replace actions. Given the typical distribution of
aircraft between divisional and nondivisional units, it is not obvious that there is
more on-aircraft specialist workload in divisional AVIMs than in nondivisional
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AVIMs. These factors would indicate, from a manpower point of view, that nondivi-
sional AVIMs do not have significantly more component repair capability than do di-
visional AVIMs.

Figure A-2 shows the flow of maintenance requirements to the rear and the flow of
repair parts supply and Direct Exchange (DX) parts forward.

Figure A-2.-Maintenance flow chart
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The AVIM company is normally located far enough from the forward edge of the
battle area (FEBA) to permit maximum operations within its assigned mission with
minimum interruption by enemy actions. The AVIM units repair the aircraft at the
user's location whenever possible, using mobile contact teams, to provide maximum
available assets to the combat forces.

Each aviation company with AVUM has a limited supply of repair parts and main-
tenance-related items (Prescribed Load List (PLL)). The PLL varies between units,
but generally will be 10 to 15 days of stockage for less than a thousand lines. The
AVIIM obtains repair parts (secondary items) from the supporting AVIM.

Each AVIM maintains an ASL that is demand-supported and typically includes
5000 to 7000 lines. Replenishment is by requisition through supply channels to the
CONIIS wholesale system. The AVIM also maintains a stockage of DX items to sup-
port the AVUMs in its area of responsibility. Replenishment of DX items is primarily
through repair of exchanged items from the AVIUM, but may also include additional
items requisitioned from CONIIS depots.

In Europe, war reserve items are stocked in the GS base in the Support Command
and in theater war reserves. (Aviation Class IX war reserves repair parts prepositioned
in Europe are presently at 2-percent fill.) Thus. stockage of repair parts occurs at the
AVIIM, divisional AVIMs. Corps AVIMs, and theater level. Except for theater war re-
serves, all stockage levels are based on peacetime demand levels and are replenished
by requisition through the Corps Material Management Center (MMC). and the thea-
ter MMC to the CONIUS National Inventory Control Point (NICP). Items are then
shipped from CONIUS depots to the consolidation point at New Cumberland Army
Depot, via air to Europe. and by truck from the aerial port to the requisitioning unit.

Europe was the first to implement three levels of maintenance on a large scale. It
also represents the largest peacetime concentration of aircraft outside the CONUS and
has been the focus for recent reexaminations of force structure alternatives, opera-
tional and support concepts, peacetime versus wartime doctrinal disconnects, and
peacetime to wartime transition problems.

Three major changes have taken place in the aviation force structure in Europe.
First, attack helicopters have been extracted from the assault helicopter companies.
andi air cavalry troops (ACT) have been converted to attack helicopter companies
(AHC) in order to make more attack helicopters available for antiarmor missions.
IISAREUIR now has two AHCs in each division and one AHC in each Armored Cav-
alry Regiment (ACR). and an attack helicopter battalion is programmed for each
corps. Second. and concurrent with the first action, the aircraft assigned to the Bri-
(ade Aviation Sections, Division Artillery Aviation Section, and Division Aviation
Company have been combined into a single Division Aviation Company. This results
in higher aircraft availability through centralization of assets (assets previously as-
signed to five different units are now assigned to one) and provide for AVlTM support
in the unit. Previously. some of the units were too small to warrant full AVUNI capa-
bility and relied on the Division AVIM company for AVIIM and AVIM level support.
Third. additional aviation units are being added to the peacetime force structure in
Europe. By the end of FY85, these actions will result in the aviation force structure
in Europe shown in Fig. A-I.
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In addition to the aircraft maintenance and supply personnel at or below corps
level. there are maintenance and supply activities at theater level. The 70th Transpor-
tation Battalion (AVIM) at Coleman Barracks in the 21st Support Command supports
all fixed-wing aircraft and all CH.47s in the theater, plus all other aircraft not sup-
ported by a Corps AVIM unit. The 70th's maintenance personnel consist mainly of
200 local national civilians. They support the 60 fixed-wing aircraft in the theater
plus 120 rotary-wing. Only about 40 of the rotary-wing aircraft are assigned to units
that currently have a full AVUM capability. The 70th is also responsible for receiving
and preparing for delivery all aircraft entering the theater and preparing for shipment
all aircraft leaving the theater.

A centralized facility at Pirmasens will provide support for all COBRA/TOW ar-
mament and fire control systems in Europe. The Airborne TOW USAREIJR Repair
Facility (A-TURF) was established as an interim capability during the introduction
and fielding of the COBRA/TOW into Europe. This facility greatly enlarged the thea-
ter capability to isolate and diagnose system interface problems and to repair failed
components. In a little over two years the A-TURF was able to repair over 93 per-
cent of the more than 1,000 failed line-replaceable units (LRUs) turned in by CO-
BRA/TOW units. 2 It now appears that the A-TURF capability will be permanently
retained in Europe. The MATE (Missile Automated Test Equipment) at Pirmasens
will expand this capability with production-model, automated test equipment to sup-
port COBRA/TOW assets in Europe.

A study 3 has recently been completed in the Army to augment the depot system
using National Guard Transportation Aircraft Repair Shop (TARS) and U.S. Army
reserve resources, with some of the capability to be deployed into Europe. Tile study
(Project Depot Roundout for Aviation) proposes forming three Aviation Classification
Repair Activity Depots (AVCRADs) that could deploy to Europe and augment the
theater aviation maintenance capability upon mobilization. Their mission would be
threefold: First, to screen components being returned to the depot and identify those
that are being returned unnecessarily, such as assets that are still serviceable or re-
quire only minor repair. (About 15 to 20 percent of the assets returned to the depot
either have not failed or are field-reparable.) Second, return serviceable assets to thea-
ter stocks. Third, provide a somewhat greater capability for repair of assets than exists
in the AVIMs, in order to repair as many assets in-theater as possible. The result
would be to reduce the supply pipeline and maintain a larger in-theater stockage of
serviceable assets.

2 Hq tSAR LTR. Subject: Project Maximize Initial Findings, dated 24 April 1978. Enclosure

9. P. 9 .
3 Project Depot Roundout for Aviation, U.S. Army Materiel Development and Readiness Com-

mand (DARCOM), dated July 1978.
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I. INTRODUCTION

The U.S. Army is continuing the trend toward increasing mechanization of its
forces which began several years go. The number of armored and mechanized divi-
sions has increased, along with the number and sophistication of mechanized weapons
per division. This trend is expected to continue for the next several years and will
place an increasing burden on the logistics support system. This case study examines
the theater logistics support structure for tracked combat vehicles and suggests a num-
ber of changes which warrant further evaluation.

The Army operates and maintains a fleet of over 30,000 tracked combat vehicles,
including tanks, armored personnel carriers (APCs), self-propelled artillery, and
tracked recovery vehicles. Army Field Manual FM 100-5. Operations,. states that "the
tank, with its cross-country mobility, its protective armor, and its formidable fire-
power. has been, and is likely to remain, the single most important weapon for fight-
ing the land battle." t The APC increases infantry mobility by 2-1/2 times over foot-
borne infantry. provides armor protection and, when equipped with antitank missiles
and automatic weapons, constitutes a substantial firepower delivery system. 2 As
pointed out in FM 100-5. by the mid-1970s. one out of every two infantrymen in the
active U.S. Army was a member of an APC mounted force. 3 Self-propelled artillery
in armored and mechanized divisions is able to move with armored forces or displace
laterally to concentrate fire quickly where needed. Self-propelled air-defense artillery
is able to move with the other mechanized elements to counter the airborne threat.

The Army is engaged in the most extensive peacetime modernization program in
its history. New procurement (M60A3 and MX1 tanks), modernization of existing
equipment (M60 tanks and Ml3 personnel carriers), and phaseout of old equipment
(1551 cavalry vehicle) will affect a large portion of the tracked combat vehicle force
over the next few years. General William F. DePuy, lISA, Retired, states that "one
of the most significant challenges faced by today's military forces is how to exp loit
fully the combat power provided by high technology weapons and equipment." 4 This
challenge is now here greater than the one confronting the logistics structure, which
must insure that combat-ready weapons are available when and where needed.

The challenges of supporting more sophisticated weapons. in a combat environ-
ment different from previous experience, in a resource-constrained environment
where combat forces are likely to be outnumbered, will place increased stress on the
logistics structure and demand that it be more flexible and responsive than ever be-
fore. This study is an attempt to understand the magnitude of these factors, their po-
tential impact on logistics support, how the Army is moving to meet these challenges.

Manual 100-5. p'rationJ. with changes. 29 April 1977. p. 2.6.
2 Ibid.. p. 2-11.

3 thid.. p. 2.10.
.Irtnor. September 1978. p. 22.
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logistics structure and demand that it be more flexible and responsive than ever be-
fore. This study is an attempt to understand the magnitude of these factors, their po-
tential impact on logistics support, how the Army is moving to meet these challenges,
and whether additional changes would lead to more effective and efficient logistics
support.

Because this report does not present the results of completed research, it does not
recommend courses of action for implementation. The complex interrelationships
among combat units and logistics support forces do not permit rational extension of
these results beyond indicating whether or not the Army appears to be proceeding in
the proper direction and identifying areas that warrant further consideration. Prior to
any implementation, these ideas must be subjected to additional analysis and testing.

Section 11 discusses the principal factors affecting the logistics structure required to
support weapon systems in combat, how these factors are changing, and how they in-
fluence demands on the logistics system. Section III describes the current Army lo-
gistics concepts and structures and how they are evolving to meet changing demands.
Section IV, "Logistics Structure for Tactical Combat Forces." is organized in three
parts. The first part discusses the six principles that form the basis for the recently ap-
proved Army Logistics Concepts for use in Policy. Doctrine, Planning and Training,
and presents our supporting views. The second part presents a somewhat different ap-
proach to analyzing the maintenance function, and discusses the feasibility of realign-
ing the functions to provide more effective support to combat forces. Finally, a con-
ceptual alternative to the current Army maintenance and maintenance supply system
is discussed. Section V discusses a number of other issues and observations, while
Section VI presents our conclusions. The appendix provides a somewhat more detailed
description of the Army maintenance and supply system using an armored division
for illustrative purposes.



II. BACKGROUND

Many factors influence the logistics structure required to support combat forces, in-
cluding the number and characteristics of the weapons possessed by these forces, how
they are to be used, the characteristics of the combat environment, and the level of
resources available. This section discusses these factors, how they are changing, and
how they may affect demands on the logistics system.

The armored and mechanized divisions of the Army are heavily equipment-inten-
sive. This case study focuses only on one class of equipment, vehicles, and only on
tracked combat vehicles within this class. The US. Army Armor Reference Data, ST-
17-1-1, indicates that a typical armored or mechanized infantry division would have
on the order of 5500 trucks, trailers, and tracked vehicles. Roughly 1500 of these are
tanks, APCs and self-propelled artillery. 5 Many of these vehicles are equipped with
sophisticated communications equipment, fire control computers, laser range-finders,
and sophisticated propulsion and power-train systems. New equipment being procured
for the combat forces is even more sophisticated and will require even more sophisti-
cated test equipment and skilled maintenance personnel if their full combat potential
is to be realized.

Mechanized forces are intended to be highly mobile and able to react to rapidly
changing requirements on the battlefield. They must be able to operate in rough ter-
rain in small, fast-moving units and be capable of massing to provide concentrated
firepower. The limited number of specialized weapon systems available to small units
requires that the maximum number of weapons be constantly combat-ready, or the
unit's total capability will be seriously degraded. This means that the logistics forces
must also be highly flexible and responsive to changing requirements on the battle-
field and be capable of supporting the small isolated unit as well as large concentra-
tions of equipment. They must be able to return damaged equipment to combat as
quickly as possible.

The Army must be prepared to fight successfully, anywhere in the world, in any
type of environment. Some scenarios are more likely than others, and some are more
demanding. FM 100-5. Operations. points out that, "°Battle in Central Europe against
forces of the Warsaw Pact is the most demanding mission the U.S. Army could be as-
signed." 6 FM 100-5 further indicates that the U.S. Army must be prepared to face a
scenario where the enemy possesses weapons generally as effective as our own; where
he will have those weapons in greater number than ours, at least initially; where very
high losses can be expected in short periods of time; and where the first battle could
be the decisive battle.'

5 US. Army Armor Reference Data. ST 17-1-1. Vol. 1, U.S. Army Armor School. Fort Knox,
Kentucky, FY 1977.

6 Ibid., 100-5. pp. 1-2 and 3-1.
7 Ibid.. p. 1.2
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These and other views portend a scenario that will tax combat and support forces
alike. The transition from peace to war will be hectic. During the initial period, ar-
mored thrusts will attempt breakthroughs to be exploited by highly maneuverable
mechanized forces. Combat will be intense, pressure will be unrelenting day and
night. and attrition will be very high. Combat units will need high mobility to blunt
initial attacks, reinforce battered units, and reallocate scarce resources to points of
greatest need. NATO forces will be outnumbered, at least initially, and will have to
react quickly to concentrate combat capability at the points of greatest need. After
the initial phase, the front will become more stable and units will have to be reconsti-
tuted and supported for a period of sustained combat. These factors again indicate a
need for logistics readiness, mobility, flexibility and responsiveness greater than ever
before. The traditional system, designed to execute prior-planned operations where we
have the initiative and superior resources, a situation more typical of the past, is un-
likely to possess the qualitie- required for a NATO/Warsaw Pact conflict of the kind
described above.

The level of resources available is a significant factor in whether or not a logistics
system can provide adequate support. Almost any system can do so, no matter how
inefficient, if unlimited resources are available. On the other hand, no system can
provide effective support if the level of resources is too low. Between these two ex-
tremes are many combinations of people, equipment, repair parts. and other re-
sources, and many ways of organizing them that will be more or less effective and
efficient depending upon the total amount of resources available. For the foreseeable
future, it is unlikely that sufficient resources will be available to simultaneously satisfy
all possible contingencies. Even if they are, it is unlikely that enough resources of ev.
ery type would always be available to every unit when required in the European sce-
nario envisaged. The likely situation in that environment might be described as one
of alloca.ting shortages where they will do the least harm. This requires a resource
management system that tries to anticipate demands, allocate and reallocate resources
quickly as the needs develop, and exert almost instantaneous control over the total re-
sources available to weight the battle logistically.

These factors have been exacerbated to an unknown extent by changes in the logis-
tics structure over the past few years, occasioned by extreme pressures for peacetime
efficiency. During a time when combat forces have been increased and mechanization
of combat forces with more sopisticated equipment has increased. support forces and
support ma.agement levels have been decreased. For example. in Europe the number
of combat units has increased, the number of logistics support units has decreased,
CONUS and overseas depots have been closed, almost total reliance has been placed
on the CONUS wholesale structure (vis-a-vis in-theater capability) for repair parts and
other supplies, and much greater reliance is placed on Reserve Component logistics
units to provide required wartime logistics support. The average grade and experience
levels in logistics units have decreased while training courses for new personnel have
been shortened. All of these actions were driven to a great extent by the need for
peacetime economies. In some cases they may have been taken with less than ade-
quate attention to their effect on combat capability. In any case, they have certainly
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increased the stress on the logistics system and the need to seek the most efficient
and effective combat logistics structure.



r-.

III. CURRENT AND EVOLVING ARMY LOGISTICS

Maintenance and repair parts supply support are critical elements in the logistics
system. Given the changing environment discussed above, it would seem reasonable
that these changes would be reflected in the Army's concepts and structures for pro-
viding maintenance and supply support to tracked combat vehicles. This section de-
scribes these basic concepts and structures, how the Army sees them evolving over
the next few years, and other initiatives and studies that could affect Army logistics in
the near future.

The basic Army philosophy is that maintenance is a command responsibility and
should be performed at the lowest level practicable. 8 There are four categories of
maintenance. (1) Organizational maintenance is performed by the crew/operator and
by mechanics assigned to units possessing the equipment. The crew/operator is re-
sponsible for preventive maintenance such as checking, cleaning, lubricating, and ad-
justing. The mechanics in the company and battalion inspect, replace some minor
components/assemblies, replace piece parts, and evacuate unserviceables. (2) Direct
support maintenance includes diagnosis of malfunctions, repair, replacing compo-
nents/assemblies, armament repair, and exchange of parts with the supported battal-
ion. (3) General support maintenance includes heavy-body, hull, turret, and frame re-
pair; repair and limited overhaul of end items and components/assemblies; and
backup support to the divisions. (4) The depots provide overhaul of end items and
components and perform repair that is beyond the capability of General Support
maintenance. Repair parts follow the same general maintenance channels. (A more
detailed discussion of the maintenance and supply system is contained in the appen-
dix.)

Figure 1, extracted from an Army briefing, shows the Army maintenance system
as it would be arrayed on the battlefield.

A number of studies have been recently completed or are under way within the
Army which address specific shortcomings in the current logistics posture. These
studies affect virtually every echelon and category of maintenance and supply support
for tracked combat vehicles.

The Division Restructuring Study (DRS) is examining an alternative company/
battalion structure for the armored and mechanized division in an attempt to more
fully exploit the combat power of new weapons and equipment. The major elements
include: (1) reducing the size of each company and equipping it with a single weapon
system, based on its mission to engage the enemy with tanks, infantry, or antitank
guided missiles; (2) shifting the task of coordinating the combined arms from the
company to battalion level; and (3) changing the combat support and service support
system in line with the new concept. All of these elements are intended to reduce and
simplify the technical, tactical, and training responsibilities at the lower echelons.

8 Department of the Army, Field Manual 29-2. Organizational Maintenance Operations. August

1975, p. 3-1.
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Figure 1. The Army maintenance system
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DRS would centralize all organizational mechanics at battalion level rather than hav-
ing them distributed over the five companies as in the present system. The DRS eval-
uation at Fort Hood also embodies the concept of Consolidation of Administration at
Battalion Level (CABL).

CABL provides for the elevation to battalion level of all formal administrative and
logistics functions normally performed at company level. These include personnel ad-
ministration, food service, training management, supply, and maintenance. Objectives
stated in DA Pamphlet 1-2 are to reduce the time devoted to these functions by the
unit commander and first sergeant; improve unit training, readiness and leadership;
standardize and simplify procedures; improve support to the soldier; and develop
skills of personnel through concentration of tasks, crosstraining, and experienced su-
pervision.9 Consolidation of Personnel administration has been implemented. Imple-

9 Department of the Army, Pamphlet 1-2. Administrative and Logistics Handbook; Guide for

Battalion and Company Level Administrative and Logistic Procedures. October 1977, p. 1-2.
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mentation of the remaining CABL functions was initially permissive but has been
subsequently halted.

The Army is also evaluating a concept for Restructured General Support (RGS),
which would replace the current multifunctional/area orientation of the Corps GS un-
its with a commodity and weapon system orientation. The mission of the Corps GS
would also be oriented more toward support forward and support to the user, rather
than the traditional repair in support of the supply system. Figure 2, extracted from
an Army briefing, depicts the emerging RGS concept.

Figure 2. Restructured General Support IRGS).
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The Army recently approved a set of Logistics Concepts for use in Policy, Doc-
trine, Planning and Training as a result of the Phase TI study, Logistics Operations in
the Communications Zone. The Phase IT Study addressed the problem of voids in lo-
gistics concepts, policy, doctrine, and planning for supply, maintenance, and trans-
portation support of the U.S. Army in a NATO environment, involving the logistics
organizations and systems in the COMMZ, i.e., the area in the theater behind the
Corps rear boundary. It recommended a reorientation of the corps general support
mission to one of support of the user rather than support of the supply system, and
creation of a logistics capability in the communications zone to support the supply sys-
tem and interface with the CONUS wholesale structure. A total of 21 concepts recom-mended by the Phase I study were approvedR 0

10 Office of the Deputy Chief of Staff for Logistics. Logistics Concepts for Use in Policy. Doc-

trine. Planning. Training. June 1978.
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The Army also has under review and study a plan to reorganize the Mechanical
Maintenance Career Management Field (CMF63), which includes all tracked combat
vehicle mechanics and repairmen. Under the proposed reorganization, direct support

and general support (DS/GS) maintenance remains with commodity-oriented repair.
men specialized in tracked or wheeled vehicles, armament, or machinery. At the orga-

nizational level, automotive and turret mechanics will be trained to maintain one spe-
cific major combat vehicle or family of vehicles. The organizational mechanics would

progress through five levels of skill. At skill level 4, the "master mechanics" would
be fully cross-trained on all track and turret components of tht vehicle they are
trained to repair. The restructuring is intended to increase the expertise and capability
available at the organizational level to meet the perceived demands of the combat en-
vironment. Each master mechanic would be fully qualified on all elements of a single
weapon system, rather than on a single area of a family of weapon systems.

Through these and other studies, the Army has identified a number of shortcom-
ings and taken action to correct them. The tenor of these actions is captured in six
principles that form the basis for the currently approved 21 Army Logistics Concepts

mentioned earlier:

1. Reducing the logistics burden on the combat forces in the forward combat
areas.

2. Fixing combat-essential weapon systems as far forward as possible to maxi-
mize their contribution to the battle effort.

3. Consolidating application of logistics resources behind the forward battle area
wherever possible to capitalize on economies of scale and maximize the use of
critical skills, tools, and test equipment.

4. Assuring that logistics resources in the theater are fully responsive to the
needs of the theater commander.

5. - Reducing to a minimum the theater commanders' initial dependence on
CONUS depot support by increasing theater war reserve stocks and ammuni-
tion consistent with their combat needs and management capability. And fur-

ther reducing initial dependence on CONUS support by increasing combat-es-
sential spares with theater forces, emphasizing components and "black
boxes."

6. Reserving limited theater transportation resources for critical resupply and
evacuation of reparable assets beyond their capability to handle in the forward
area.

These principles reflect most of the qualities essential for effective logistics support
to tactical forces. They typify the direction in which both the Army and Air Force ap-
pear to be moving to respond to a mid- to high-intensity tactical combat environment
where our resources are likely to be strained to the limit. The next section articulates
why DRMS supports these principles and the need for actions to fully reflect them in

logistics organizations and systems.

Memorandum for Study Director. Resource Management Study. from Director of the Army
Staff, 19 July 1978.



IV. LOGISTICS STRUCTURE FOR TACTICAL COMBAT
FORCES

The first part of this section discusses, from the DRMS viewpoint, the six princi.
pies that were listed at the end of the preceding section. The second part presents a
somewhat different approach to analyzing maintenance functions and discusses the
feasibility of realigning the functions to provide more effective support to combat
forces. Finally, a conceptual alternative to the current Army maintenance and supply
system is discussed.

PRINCIPLES FOR TACTICAL COMBAT LOGISTICS
ORGANIZATION

Reducing the logistics burden on forward combat units should enhance combat ef-
fectiveness, resource management effectiveness, and efficiency. It will heighten the
units' mobility and flexibility and their integrated logistics capability. The combat
unit will no longer have as heavy a burden of moving large quantities of specialized
equipment, repair parts, and personnel, which often require facilities for effective use
that are not always available in a forward combat area. Resource management effec.
tiveness is increased by reducing the amount and kinds of resources that the combat
unit commander must manage. Management of combat resources-personnel, mate-
rial, and the logistics required to support them-has always been complex and is grow-
ing more so. Resource constraints will continue to force tough tactical decisions. It
will benefit the combat unit commander to focus his attention primarily on immediate
mission-essential factors. Increased combat efficiency results from better utilization of
personnel and equipment and a consistent unit goal of generating immediate combat
capability. Simplification of training, supervision, and management tasks will produce
more efficient organizational structures tied to a single mission focus.

The Army principle of fixing weapon systems as far forward as possible increases
their combat availability. Evacuating an entire weapon to the rear for repair, instead
of its failed component, reduces weapon availability in two ways. First, it is unavaila-
ble during the time it takes to obtain very limited specialized transportation equip-
ment and move the weapon to the rear and back after repair. Second, repair in the
rear may take much longer than it would in the operating organization, which is
likely to have a greater sense of urgency. When it is possible to repair forward, it is
quicker to transport the required component and a repair team, if required. rather
than transport the weapon system, repair it in the rear, and then return it to the user.

Consolidation of logistics resources behind the forward battle area not only re-
lieves the burden on the combat commander, but also makes economies of scale pos-
sible. In many cases, specialized skills, tools, and test equipment would be underuti-
lized if placed with each forward combat unit, since no one unit would generate
enough workload to keep them busy all the time, even at peak demand. Even if they
are fully utilized at peak demand, peak demands are unlikely to occur simultaneously
in all units. Therefore, consolidation across units tends to smooth the total demand
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and uses scarce resources more efficiently. Consolidation behind the forward battle
area increases the opportunity to use more productive fixed or semifixed facilities.
Maintenance would not be disrupted by the combat environment and the frequent
need to move. (Army planning factors in AR 570-2,12 for example, increase man-
hour availability by almost 25 percent when facilities are fixed.) Consolidation in the
rear area is also more conducive to a production-line capability, which would be virtu-
ally impossible in the forward area, and may open up possibilities for using special
technology that would otherwise not be practicable. Complex test and repair equip-
ment that requires fixed facilities with a controlled environment may be much more
productive in the rear and infeasible elsewhere. These latter considerations become
more and more important as the sophistication of Army equipment increases.

It is vital that in-theater logistics resources be fully responsive to the needs of the
theater commander. Priorities are likely to change rapidly in the early stages of a war,
and organizations outside the theater will be less able to adequately respond to chang-
ing needs. It takes time to communicate changing requirements through multiple lev-
els of command, and more time to communicate changing priorities back down to ef-
fect theater resources distribution. Because no one above the theater commander is
likely to have additional information that would permit a "better" decision, he should
have the authority and the means for reallocating resources already in the theater as
well as those committed but not yet in-theater. The means must include a logistics
command, control, and resource management system.

The theater must depend on its own resources during the initial phase of hostilities.
The transition from peace to war will be hectic, transportation resources will be taxed,
and lines of communications subject to disruption. Sufficient supplies must therefore
be on hand at the outset, along with the means to distribute them efficiently. Combat-
essential spares should consist of components and black boxes to emphasize a remove-
and-replace maintenance concept at the front to maximize weapon availability. A
deadlined piece of equipment is merely a target until it can be repaired and returned
to combat. Remove and replace is always faster, simpler, and usually more effective
than remove, repair. and replace.

Limited theater transportation resources should be reserved to move reparable assets
which cannot be repaired in the forward area in order to assure maximum weapon
system availability.

These six principles embody the characteristics required for an effective logistics
support capability. They exemplify the thrust of many on-going Army programs to in-
crease the capability of the logistics system to respond to wartime demands.

MAINTENANCE FOR TRACKED COMBAT VEHICLES

This section divides maintenance of combat vehicles into two main categories and
discusses the feasibility and potential advantages of structuring maintenance organiza-
tions to respond to the somewhat different demands of these two categories.

12 Army Regulation 570-2, Organization and Equipment Authorization Tables-Personnel with
changes. 22 July 1969. p. 2-3.
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In wartime, the priority mission of all logistics elements will be to return failed
weapon systems to combat as quickly as possible. This is the premise upon which fix-
-forward is based: Fix-forward envisions that on-equipment maintenance, i.e., repair
that requires the weapon system to be available for the repair to take place. will he
done as far forward and in as expeditious a manner as possible. Only if the repair is
going to take an extended period of time-major damage to the vehicle body, hull,
turret, etc.-will the weapon be evacuated to the rear. As discussed earlier, this is cer-
tainly the most effective means of maximizing the number of weapons that are com-
bat-ready at any given time. Off-equipment maintenance, i.e., component repair that
can be done after the component is removed from the weapon. does not require the
weapon system to be present and should be geared to ensuring that repaired compo-
nents are available when required to support forward on-equipment maintenance. The
location where off-equipment work is performed, geographically and organizationally,
also affects the effectiveness and efficiency of the logistics system.

The current system plans a mix of on-equipment and off-equipment maintenance at
every level except the organizational level. A sharper differentiation between on-equip-
ment and off-equipment maintenance, and a sharper focus organizationally. might
provide a more effective and efficient logistics system. An extreme example might be
to man a first echelon to perform all on-equipment work. This echelon would operate
in the forward combat area and would depend on a source of supply for components,
assemblies, and repair parts required to perform the most expeditious repair of the
weapon system possible. A second echelon, located to the rear of the combat area.
would repair failed components and assemblies for return to the first echelon. This
would allow for specialization, a focused mission, etc. Such an extreme is unlikely to
be very efficient or very effective because of transportation costs, costs for spare com-
ponents and assemblies to fill the pipeline, and the like. Many studies, such as the
Tank Weapon System Management Study and the Phase II Study, have suggested
that some movement in this direction, however, would be beneficial. Our review sup-
ports these findings.

The importance of rapid repair turnaround in the forward area, as reflected in cur-
rent and evolving Army doctrine, versus evacuation of the end item for repair to the
rear is dictated by the relative time and cost of each. Figure 3 shows the sensitivity of
turnaround time to its major components.

The data in Figure 3 were derived from results of the Maintenance Support Cn-
cepts (MASC) Model runs used by the Army to evaluate the Restructured General
Support (RGS) concept. 13 Almost half of the turnaround time consists of either wait-
ing for transportation or actual transportation time. Waiting for parts is the second
largest element. Figure 3 indicates the importance of being able to perform on-equip-
ment repair forward, and the importance of having repair parts avalable where and
when needed to effect the repair.

13 U. S. Army Logistics Center. Maintenance Support Concepts (MASC) Simulation of Restruc-

tured General Support (RGS). Final Report. July 1978.
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Figure 3. Turnaround time sensitivities
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Figure 4 shows the same elements relative to their effect on operational availability.

(The improvements estimated for RGS over the current structure are indicated by
"0" in Figs. 3 and 4.)

These data indicate that to make a significant improvement in weapon availability,
emphasis should be on having parts and personnel organized to effect a fix-forward
philosophy. This would reduce the large proportion (almost 2/3) of the nonavailable
time for weapon systems currently spent awaiting transport, being transported, or
awaiting parts. In recognition of these factors, the Army in RGS, Phase 11 and other
studies has been seeking organizational structures and procedures to increase their ca-
pability to fix forwa'-d. The MASC evaluation indicates that the RGS, which affects

only Corps GS units, would improve operational availability by about 10 percent. Or.-
ganizational and procedural changes that are geared to specifically reducing the major
causes of delay, by improving the capability to mass on.equipment repair capability
forward with the required repair parts needed for rapid turnaround of weapon sys-I
tems, would presumably make even more significant improvements.
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Figure 4. Operational availability sensitivities
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One way of massing more capability forward would be to simply increase the num-
ber of mechanics in each combat company and the amount of repair parts in each
maneuver battalion. While this would likely be effective, it is also likely to be very
costly because of the need for manning each company to take care of peaks in war-
time demands. The opposite extreme would be to pool all on-equipment capability for
command and control purposes and allocate them to individual units as the demands
occurred. This would take advantage of smoothed workload, but would likely present
an unmanageable command and control problem. What is required is a distribution
of resources that balances effectiveness and cost in a reasonable way. For on-equip-
ment work it would be desirable to err on the side of providing some excess capability
at each level in order to assure rapid turnaround of costly and valuable weapon sys-
tems. The cost then will depend upon how much workload varies between units, how
much peaking occurs simultaneously in multiple units, how well the command and
control system can reallocate resources in the midst of combat, and the responsive-
ness and adequacy of transportation resources.
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Having mechanics postured to support forward, however, solves only part of the
problem. As noted in Figs. 3 and 4, waiting for repair parts accounts for a significant
part (on the order of 20 percent) of the nonoperational availability of current sys-
tems. Relying on quick-fix repairs involving more reliance on replacement of compo-
nents forward generates an even more urgent need to have adequate components and
assemblies available in the forward area. The Tank Study, Phase I and other studies
have identified advantages in posturing the logistics system so that repair of compo-
nents/assemblies is accomplished to the rear to the maximum extent practicable. The
question left unanswered is: What is the maximum extent practicable? How many
components can be replaced at the front and repaired in the rear, and how long does
it take to replace them versus repairing them without removal? What would it cost to
buy enough components to permit them to be shipped to the rear, repaired, and
shipped back to the front considering transportation time and delays? These and other
questions are amenable to quantitative analysis.

First, the question of feasibility. An important factor in determining whether a
sharper differentiation between on-equipment and off-equipment maintenance would
be more effective is the extent to which components can be removed and replaced
and repaired elsewhere in time and place, versus the need and comparative repair
time and cost for repairing the end item itself using bit and piece repair parts. A re-
view of existing Maintenance Allocation Charts (MAC) shows a wide range of poten-
tial. Table 1 illustrates this range with extracts from the M6OA1E3 MAC. 14 In the
first example, it takes 0.3 man-hours to repair the Filter Assembly Fuel/Water Sepa-
rator on the tank, compared with 9 man-hours to replace it. In such cases it would
clearly not be advantageous to go to a remove-and-replace concept. Based on time
alone, it also would not make sense to replace the Power Plant Wiring Harness at DS
level (3 man-hours) if it can be repaired at organizational level in one man-hour. In
such cases, however, it might be useful to analyze the quality of the two types of re-
pair actions. For example, if a repaired harness, on the average, has a mean time to
failure that is less than one-third that for a replaced one, then, based only on total re-
pair time, it would be advantageous to remove and replace on failure. (Of course the
ultimate decision will depend on factors other than minimizing equipment downtime,
such as storage costs, transportation costs, etc.) The third example, transmission, is
one where the system should seek to assure that a transmission is available to replace
a broken transmission in 20 man-hours rather than requiring a total of 70 man-hours
to remove, repair, and replace, with the tank deadlined all the while.

The fourth example is one that is becoming more common as newer, more sophisti-
cated, and modular equipment is introduced into the inventory. Except for very sim-
ple repairs such as replacement of knobs and fuses, components like the M13A3 Fire
Control Quadrant are replaced upon failure at the organizational level, evacuated to
DS for repair and, if the repair is beyond the capability of the DS level, are evacu-
ated to the depot for overhaul. In these cases it may be advantageous to centralize the
component repair function above the DS level and, taking advantage of economies of

14 Logistics Support Plan. Tank, Combat, Full-Tracked 105mm Gun. M60A1E3. February

1977, U.S. Army Tank-Automotive Material Readiness Command.
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Table 1.-M60A1E3 MAC

Maintenance category

Component/ Maintenance Crew/

assembly function operator ORG DS GS Depot

Filter Inspect 1.0

Assembly Service .4

Fuel/water

Separator Replace 9.0

Repair .3

Harness, Inspect .3

Wiring Test .3

Power Plant

Replace 3.0

Repair 1.0

Transmission Inspect .3

Test .3

Service .3

Adjust 3.5

Replace 20.0

Repair 50.0

Overhaul 94.0

scale inherent in fewer repair points, also perform the depot repair/overhaul function

at the same place. Effectively, this lengthens somewhat the transportation time in

moving the item past the DS level but shortens the depot pipeline loop. (The Army
Project Depot Roundout for Aviation Study identified a 95-day reduction in pipeline
time for aviation items repaired in theater, as compared with returning them to
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CONUS depots for repair.) 15 Depending upon the proportion normally returned to
the depot, the reduction in depot pipeline requirements can more than compensate
for increased in-theater pipeline and result in greater component availability to the
combat forces.

One measure of the feasibility of decentralizing selected on-equipment work and
centralizing off-equipment and more extensive on-equipment work is provided by an
examination of data developed from FM 42-9-1, Maintenance and Repair Parts Con-
sumption Planning Guide for Contingency Operations. This manual contains logistics
planning information for the M6OA1 Tank for a 120-day Middle East scenario. The
Contingency Maintenance Allocation Chart (CMAC) contained in the manual identi-
fies recommended reallocations of maintenance tasks and maintenance tasks which
may be performed at a lower level of maintenance if authorization is granted. Table 2
shows three examples of items coded in the CMAC for either recommended realloca-
tion to a lower level (denoted by *) or for performance at a lower level if authoriza-
tion is granted (denoted by %%). The examples shown are all remove-and-replace ac-
tions moved from DS level to the organizational level. The CMAC includes other
types of tasks recommended for movement downward from GS to DS, DS to ORG,
DS to Crew/Operator, and ORG to Crew/Operator. In terms of number of items and
man-hours, most downward reallocations involved movement of replacement tasks
from ORG to Crew and DS to ORG. Table 3 shows examples of repair tasks recom-
mended fOr reallocation upward from DS to GS. Again, there were reallocations af-
fecting other levels. but the largest allocations upward in terms of number of items
and total man-hours were from DS to GS. Figure 5 shows the total man-hours recom-
mended for reallocation from the DS level either upward or downward. Note that ,-f
the total workload originally coded for DS level, almost 70 percent is coded for real-
location in the M6OAI CMAC.

Figure 6 shows the net impact of all reallocations contained in the CMAC for the
M6OAI Tank. Analysis of the CMAC data for the M6OAI indicates that opportuni-
ties do exist for decentralizing on-equipment and centralizing off-equipment work to a
greater extent than is reflected in current organizations and manning.

As discussed earlier, the decentralization of on-equipment work would move that
work closer to the point of failure and increase operational availability by reducing
the number of items evacuated, requests and waiting time for specialized transporta-
tion assets, and transportation time and/or waiting time for contact teams to move to
the point of need. The impact of transportation times on turnaround and operational
availability, discussed earlier, illustrates the need for more responsive on-equipment
capability. The CMAC data indicates considerable potential for reallocating more on-
equipment workload downward and more off-equipment workload upward. The ques-
lions remaining include: What are the costs involved in reflecting such reallocations
in the logistics organizational structure, and what ultimate effect would such changes
have on combat capability? While considerably more quantitative analysis of empiri-
cal data is required to estimal the potential costs with any degree of accuracy, a
number of statements can he made as to the likely directions of change.

t 1* S. Arm,, DARCONM. Projet Depot Rouidiout for Aiation, July 1978.
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Table 2.-Examples from M60A1 CMAC

Maintenance category

Component/ Maintenance

assembly function ORG DS GS Depot

Pump injection Replace 10.0

Fuel
Repair

Transmission Replace %% 16.5
Assembly Repair 

80.0

Nozzle, fuel Replace 3.5

Injector Replace 1.3

Decentralizing maintenance capability could be expected to increase the require-
ments for mechanics, tools, and test equipment, and decrease the requirement for
spares and transportation. This, to a large extent, is dependent on four workload char-
acteristics: the average workload generated in a unit; how drastically the workload
changes over time in the units, i.e., the difference between average workload and
peak workload; the degree of variability in workio,' over time between units, i.e., to
what extent do workloads peak at the same time in different units; and the degree of
responsiveness required, i.e., how long a unit can wait for a contact team before com-
bat mission capability is adversely affected.

The average workload dictates the number of maintenance personnel who can be
fully utilized over time. If this number is very small for a particular skill, it may be
impossible to maintain a su~ficiently skilled work force. For example, each armored
cavalry troop is authorized two tank turret mechanics. The presumption is that two
skilled tank turret mechanics are available to each company. In reality this is often
not the case. Sometimes the mechanics are inexperienced and less than fully skilled,
or perhaps one is inexperienced and the other is less than fully skilled. The lower the
density of mechanics, the greater the effect of small changes in numbers or degree of
skill of people actually assigned to the unit. In such cases consolidation at a higher
level may produce more robust, responsive, and capable maintenance organizations.
This, to some extent, seems to be part of the rationale behind the DRS proposal to
consolidate organizational mechanics at battalion level rather than having them dis-
tributed among the companies.

LI
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Table 3.-Examples from M60A1 CMAC

Maintenance category

Component/ Maintenance Crew/

assembly function operate ORG DS GS Depot

Turbocharger Replace 4.7

Repair 4.1

Generator Replace 7.2

Repair 4.6

Starting motor Replace 3.0

Repair 3.1

Brakes Adjust 2.0

Replace 12.0

Repair 12.0

Figure 5.-DS workload reallocation (MAC to CMAC)

To organizational
and crewtoperator 2636 MH 1638 MH 735 MH To General Support

(53%) (32%) 115%)

Mission essential workload for 100 tanks in a 120 day Middle East contingency
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Figure 6. Reallocation of workload-M6OA1 CMAC

-0 MAC without reallocation

16 - CMAC with reallocation

Manhours 12

x 1000

4

Crew/operator Organizational Direct Support General Support

Even if the average workload is relatively high, there is the question of how con-

stant the workload is over time. If the workload has large fluctuations, then manning

for the average results in either large downtime for equiment waiting maintenance or

the necessity for augmenting the unit during periods of peak workload. In the latter

case this results in low utilization of personnel during periods when workload is below

the average. In these cases it may be more effective and efficient to man the unit at

less than average, as long as doing so does not result in too low a density of skills,
and to provide a backup capability to augment the unit during periods of peak
workload. To some extent, this concept is reflected in the multiple echelons of the

current Army system.
The relative costs of decentralization versus centralization are also sensitive to the

degree that peaking of workload in different units occurs at different times. For exam-
ple, if the peak workload in each company of a battalion occurs simultaneously, then
the number of mechanics required to support all the companies will be the same
whether each company is manned to meet its peak or whether all :aechanics are

placed in the battalion to meet the total battalion peak workload, which in this case is
the sum of the company peaks. On the other hand, if the peaks in each company oc-
cur at different times, then fewer mechanics would be required if they are assigned to
the battalion and moved from company to company as required. Again, this factor is
reflected in the multiple echelons and backup missions which exist in the current
Army system.
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It should be recognized that the level and peaking of workload, the variability in
workload between units, and the degree of responsiveness required are all functions
of the scenario and operational concept. From the scenario described earlier, it would
appear that there would be considerable peaking of workload and considerable varia-
bility among units. On the other hand, an operational concept which moves maneuver
units to influence the battle and therefore tends to equalize the combat activity across
various units, also tends to equalize the logistics workload between those units.

All of these factors must be considered in determining the degree of centralization
that makes sense from both an efficiency and a combat-effectiveness point of view.
The composition of the workload, its predictability, the degree of responsiveness
which can be provided by a centralized versus decentralized system, the cost of weap-
ons and components, and the degree to which additional weapon systems, supply
stocks, transportation, and maintenance personnel can be substituted all affect the
efficiency and effectiveness of the system. These factors all differ to a significant de-
gree for on-equipment versus off-equipment work. For on-equipment work, it appears
that the more decentralized system would provide more effective maintenance at a
somewhat higher cost in terms of people. Given the scenario and operational concepts
described in Army doctrine, it would appear that the increase in manpower is prob-
ably not large and can be controlled by proper allocation of resources to backup ele-
ments. With the constrained numbers of weapon systems likely to be available for
combat, relative to those of the adversary, it would appear that the somewhat in-
creased manpower required for a decentralized on-equipment capability is warranted.

A somewhat different situation exists for off.equipment work, which is often more
specialized and makes the low density of particular skills a more significant problem.
More specialized and costly test and repair equipment is required. These and other
factors all point to the need for greater consolidation in off-equipment work than in
on-equipment work. To a large extent the current Army system reflects these factors.
Each maneuver company has the capability to perform on-equipment work, but off-
equipment work is consolidated at the division or above.

Greater consolidation of off-equipment work is generally conceded to require fewer
people, less test equipment and tools, and a smaller total stock of repair parts. It is
generally considered, on the other hand, to require more spares and transportation.
Recent Air Force field tests and Rand Corporation analyses of aircraft systems have
indicated, however, that the increase in the number of spares required is significantly
less than originally thought. Test data indicate that a consolidated repair facility can
repair a larger portion of the failed components. By virtue of its greater scale, it is
more likely at any point in time to have the correct repair parts, or be able to canni-
balize a similar component for the needed part; and to have more functioning test
equipment and required personnel skills than did the previous individual decentral-
ized facilities. These factors enable the consolidated repair point to repair and get the
component back to the user in a shorter total time. In addition, test data also indicate
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that the consolidated system performs qualitatively better repair than the decentral-
ized system. This results in a longer mean time between failure (MTBF) for compo-
nents repaired at the consolidated facility. These two factors result in a more respon-
sive repair and supply system, which does not require the large increases in spares
stockage that were initially thought by many people to be required.

That test also showed the great value in having a locally controlled distribution sys.
tern that could anticipate demands to some extent and direct repaired components to
the unit with the greatest operational need. This allowed the control point to allocate
spares as they became available, based on recent information, rather than having a
more centralized authority outside the theater allocating spares according to more tra-
ditional decision criteria-total backorders, oldest requisition, and the like-which are
not as responsive to rapidly changing requirements.

This section has discussed certain principles that appear to form the basis for a re-
sponsive, effective, and efficient tactical combat logistics system. A review of current
Army maintenance structure and allocation documents indicates the feasibility of
moving toward a more decentralized structure for on-equipment work and a more
centralized structure for off-equipment work. Based on the scenario, operational con-
cepts, and the other changing elements of the combat environment, it would appear
such a structure would be more effective in terms of responsiveness and flexibility
than the current structure. While such a structure might be somewhat more expensive,
test results and analysis for other systems suggest that the increased costs may well
not be prohibitive, if in fact they would be higher at all. Army studies such as the
Tank Study. DRS, RGS, and Phase II appear to some degree to have reached many
of these same conclusions.

ALTERNATIVE LOGISTICS SYSTEM FOR TRACKED COMBAT
VEHICLES

This section describes, conceptually, an alternative combat logistics system for
tracked combat vehicles. It combines many of the elements contained in the Phase
11, RGS, DRS, and tank studies, but extends the concept of decentralized on-equip-
ment work and centralized off-equipment work described in the previous sections.

The major elements include the maneuver battalions, the divisional maintenance
battalion in the division, the corps maintenance battalion, maintenance elements in
the COMMZ, and the CONUS depots. The maneuver battalions would be given
greater capability to do on-equipment maintenance. The division's direct support
structure would reflect a reorientation to an on-equipment maintenance mission of
backup support to the maneuver battalions, and provision of DX points for exchangea-
bles and supply points for repair parts. Off-equipment work (component/assembly re-
pair) would be concentrated in the Corps or COMMZ. The Corps GS elements would
possess the capability to support forward with on-equipment work during the initial
combat phase, and a limited capability to repair components in support of the user.
They would continue to do the more extensive on-equipment work that is beyond the
capability of the division. The COMMZ GS mission would be to repair both end

.. . L I I i . . . .. . . . .I . .. =. . .
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items and components for return to the supply system. (In this context, "supply sys-
tem" includes the DX system.) The COMMZ GS mission would be expanded, particu-
larly in wartime, to include repair and overhaul of some critical components now
coded for evacuation to the CONUS.

In concept, this would result in the following: Maneuver battalions would have an
organic Maintenance Company containing all organizational mechanics, recovery ve-
hicles, etc., presently assigned to the companies of the battalions, plus additional me-
chanics from the existing Maintenance Battalion. These mechanics would be organiza-
tional mechanics rather than the DS/GS repairmen. The size of the Division Mainte-
nance Battalion would be determined principally by the likely differential workload
between battalions and the resulting economies to be gained by pooling on-equipment
maintenance capability at the division. For example, if the combat on-equipment
workload is expected to be constant in each battalion, then, in terms of efficiency and
effectiveness, there would be no advantage to pooling in the division. On the other
hand, if large differences in workload are expected among the battalions over time,
then a large portion of the total capability would be pooled at division level and dis-
patched to the battalion with the greatest need in order to weight the battle logisti-
cally. It should be recognized that this is sensitive to the operational concept for com-
bat units. To the extent that unit boundaries are changed and units moved on the bat-
tlefield to influence the battle, which therefore tends to equalize the combat load on
combat units, the logistics workload between units tends to be equalized and pooling
tends to produce fewer economies.

The on-equipment capability pooled at division level should be structured, manned,
and equipped to be highly mobile and easily utilized as contact teams to support a
fix-forward concept. The primary missions would be to support maneuver battalions
with contact teams, maintain the division ASL and ORF, and operate a DX exchange
point. The maintenance battalion would require vehicles suitable for transporting con-
tact teams and repair parts on the battlefield, and communications equipment to re-
tain control of teams and contact with maneuver battalions.

The Corps GS units would be structured, manned, and equipped to operate from
semifixed facilities in the corps area. Their primary missions would be repair of com-
ponents/assemblies in support of the DX program, extensive on-equipment weapon
system repair that requires evacuation of the weapon from the Brigade area, mainte-
nance of the Corps AS L and war reserve stocks located in the Corps area, and a lim-
ited capability to form and operate highly mobile contact teams to assist division and
battalion maintenance elements in the division area.

The GS units in the COMMZ would be structured, manned, and equipped to oper-
ate in fixed facilities. Their primary missions would be component/assembly repair
and overhaul and weapon system repair and overhaul that are beyond the capability of
the Corps GS units.

Figure 7 depicts the restructured maintenance system. The forward support com-
pany is eliminated, the Tank Battalion capability is expanded, the DS Maintenance
Battalion is considerably smaller and oriented to mobile contact teams, the Corps GS
battalion is augmented and given some capability to deploy mobile contact teams on
the battlefield but not in toto, and a GS capability is created in the COMMZ.
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Figure 7. Maintenance structure alternative.
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How much off-equipment capability should be located at a particular echelon should
be determined by quantitative analysis on an item by item basis subject to practical

constraints. For example, it would probably be unwise to have only one facility in a !
theater, even if it were economically Optimal. A move to the CONIMZ does appear to

have a number of advantages, such as use of fixed facilities; advantages of scale in
terms of test equipment, repair parts and skilled personnel; and the ability to capital-
ize on production techniques not amenable to the combat environment in the forward
area.

The discussion in this and previous sections has described a concept for mainte-
nance of tracked vehicles different from the current Army concept, and has pointed
out the major elements and considerations for detailed analysis. Contingency mainte-
nance plans for the M6OAl tank indicate the desirability of realigning more of the
on-equipment workload from DS to the Organizational level and more of the off-
equipment (component repair) workload from DS to GS. Implementing only the
CMAC reallocations would result in 53 percent of the DS workload being allocated to
the organizational level and 15 percent to the GS level. The reallocation potential for
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new equipments would probably be higher because of their increased modularity and
maintainability and the increased sophistication of their subsystems.

MACRIT data indicate that tracked combat vehicles, although making up only
about 40 percent of the vehicles in an armored or mechanized infantry division, ac-
count for at least 75 percent of DS workload. Assuming that the CMAC reallocation
potential is roughly indicative of the potential for other tracked vehicles, about 300
spaces could be realigned from the division maintenance battalion to the maneuver
and other operating battalions. That would enhance their responsiveness to on-equip-
ment maintenance demands and reduce the time awaiting transportation or transport-
ing weapons back to where repair resources are available. (Analysis indicates this
would account for approximately half the time weapons would be unavailable for com-
bat.) An additional 100 spaces would be realigned to corps or theater general support
facilities. Based on Army MACRIT planning factors, transferring spaces to a fixed re-
pair facility in the COMMZ, for example, would increase productivity 25 percent be-
cause of increased man-hour availability alone. Such a realignment would increase the
Army's component repair capability by an amount equivalent to adding 300 to 400
spaces to the Army's force structure.

Based on results with other systems, the benefits from greater centralization of
component repair would likely be much greater than those attributable to increased
man-hour availability. Repair in production-oriented facilities is likely to have better
quality than repair performed under battlefield conditions. The degree of movement
to the rear is very sensitive to supply stockage and transportation assumptions. Analy-
sis of other weapon systems has found that past intuition (and even some empirical
analysis) has been misleading, particularly in regard to the level of stockage required
to support more centralized component repairs. The maintenance/supply/transporta-
tion system is extremely complex and the interactions are not always intuitively obvi-
ous.

Two additional elements are critical to the successful operation of a responsive the-
ater logistics capability: logistics management and transportation. These two factors
are even more germane to the scenario, the environment, and the alternative mainte-
nance and repair parts supply system discussed above.

In a dynamic battle, priorities often change, combat intensity for units rises and
falls, and combat damage varies across units. Such a situation demands a manage-
ment and control system that can both anticipate and immediately react to changing
demands. Currently, requirements calculations and supply distribution are based on
fixed, forecasted activity rates and historical demand levels. Furthermore, the materiel
management system depends upon surrogate measures to determine need. Thus, fill
rate and back order rate, for example, take on value unto themselves. There is an in-
herent assumption that all demands for a given item for a given system are of equal
importance, remain relatively constant over time, and either change slowly or in re-
sponse to planned events known well in advance. In a European war, such pre-
planned priority systems would fail. There must be a system to deal with the differen-
tial importance of individual weapons, classes of weapons, units, and missions as they
vary over time. Functional proxy measures will not do the job. More direct opera-
tional indicators are needed, based on full understanding of the local situation. This
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understanding is much more likely to reside in the theater than in CONUS item man-
agers.

In a dynamic environment, it is likely that serious resource imbalances will de-
velop within units and degrade their capability. Thus, more routine reallocations of
theater resources to higher-priority units is likely to increase theatre capability. This j
also implies that tasking and planning must be based on frequently updated status in-
formation.

The Army's current theater materiel management system has limited responsibility
and capability to satisfy these requirement". In addition to the normal logistics staffs,
the system consists of the FASCO (Forward Area Support Coordination Officer), the
division MMC (Materiel Management Center), the corps MMC, and the theater MMC.
The FASCOs are organic to the Division Support Command (DISCOM) and are lo-
cated in the brigade area. They coordinate combat service support missions between

the brigade and DISCOM elements operating in the brigade support area, provide liai-
son between DISCOM elements and the brigade, and provide information on the lo-
gistical situation within the brigade area to the DISCOM headquarters. The MMCs
provide centralized and integrated materiel (supply and maintenance) management
for all classes of military supply except medical, communications security, rail mission
equipment, and classified maps.. (A more detailed discussion of the missions and
functions of these elements is provided in the Appendix.) These MMC elements cer-
tainly provide the nucleus and basis for a theater logistics management system of the
kind we believe is required. The primary changes required for these elements appear
to be the augmentation or development of the required information systems and pro-
cedures needed for the wartime mission. There do appear to be major deficiencies,
however, in the quantity of supplies available in theater and the physical means for
handling and moving them when they arrive in theater. The Army recognizes these
deficiences and has begun programming and budget actions to solve them.

Currently. there are insufficient repair part companies to handle the required repair
parts flow. The Direct Supply System (DSS), in peactime, routes repair parts from
the depot direct to the requisitioning unit. In wartime, a much larger portion of the
repair parts flow must be handled at the corps. This requires repair parts companies
in the corps. War reserve stock positioned in theater, stockage flowing through the
corps, repair parts companies to handle the supplies, and augmented MMCs with the
required information and procedures will provide the capability to weight the battle
logistically and respond to dynamic changes in requirements only if transportation is
available to move the supplies to the point of need. Currently, the intratheater trans-
portation system is inadequate to meet planned requirements.

Repair parts account for only a small fraction of the total transportation require-
ment, but their weight and cube are far less important than their criticality to weapon
availability and combat capability. Consequently, dedicated transportation assets may
be warranted-all the more so for the alternative maintenance concept, which renders
the combat unit almost totally dependent on a consolidated intermediate repair capa-
bility for components and assemblies. Further study and test of these concepts must
ensure that transportation can be made available to move components and assemblies
promptly to the point of need, and evacuate unserviceables to the repair facilities.

S
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Careful consideration should be given to the potential cost-effectiveness of a dedicated
repair parts transportation system.

All of these factors, maintenance manpower, supply pipeline, and transportation,
are subject to detailed empirical analysis. Even when using data from the current sys-
tem, however, empirical analysis often has limited value. Field tests provide a further
level of analysis, and are almost always required before even limited confidence can
be gained in fairly radical changes in concepts and procedures. Field tests are not
easy to conduct, however, as illustrated by the Army's experience with the DRS and
RGS tests. It is difficult to structure such tests, more difficult to obtain required funds
and the units to conduct the tests, and, finally, difficult to analyze test results in a way
that provides meaningful information about the concept's value in a combat situation.
Such tests are vital, however, if innovation is to be tried and sufficient confidence
gained to implement changes to a system that is so vital to combat capability.



V. FURTHER ISSUES AND OBSERVATIONS

This section discusses a number of issues and observations, some of which are only
indirectly related to logistics structure, that warrant separate attention and discussion.

ADEQUACY OF SUPPORT RESOURCES

A hypothesis expressed by the DRMS at the outset was that resource decisions over
the past several years may have overemphasized peacetime efficiency to the detriment
of wartime effectiveness. The Army's Tank Weapon System Management Study iden-
tified funding constraints as a major influence on logistics. It said, "The need for
peacetime efficiency drives logistical organization, policy and procedures. It also pre-
sents the commander and logistician with the serious and continuous challenge of bal-
ancing this effectiveness."I 'The recently completed Army study of Combat Service
Support (CSS) indicated a force structure and deployment plan imbalance in terms of
the amount of CSS available to support the existing combat force structure. This
shortfall, to some extent, is due to past action to increase the "tooth-to-tail" ratio, in-
crease "combat" forces in Europe while simultaneously reducing support forces, and
"heavy-up" and modernize Army divisions with sophisticated armor and mechanized
equipment without concomitant increases in logistics capability. In Europe this has re-
sulted in a logistics base which is, at most, marginally adequate to satisfy peacetime
demands. As the Phase II study pointed out, the current structure, procedures, and
resources would not be adequate to handle a Warsaw Pact/NATO conflict even with
the planned augmentation of resources from CONUS. While the present case study
has dealt almost exclusively with alternatives for increasing the effectiveness of logis-
tics support within current budget constraints, the DRMS review has only reinforced
our initial hypothesis, and the view held by others, that the incessant quest over the
past decade or more for peacetime efficiencies in the logistics establishment has se-
verely degraded peacetime combat readiness and the capability to utilize "combat"
forces effectively in a large-scale conflict. As pointed out in Chaps. I and II of the
main report, questions of both adequacy and efficiency of support must receive more
attention in the future if maximum combat capability is to be realized within the con-
strained resource levels likely to exist. The question of adequacy is also important be-
cause of its side-effects on efficiency.

Inadequate support resources, decisions to reduce support that are perceived as un-
warranted or shortsighted, and the perception of an adversarial relationship in the
budgetary process often suppress innovation and the search for real efficiencies, which
in the long run would have much more lasting effect on both combat capability and
cost-effectiveness. These effects appear to be particularly perverse where an innovation
requires an increase in one type of resource that would permit reductions in other
types of resources, or where the effects of the change are somewhat uncertain. In the
first case, managers at all levels are extremely reticent to identify resource trades that

1 Tank Weapon System Management, ca. 1977, p. 111-5.
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would increase efficiency or effectiveness if they perceive there is a fair chance they
will lose the resource identified for trade but not get the resource needed to effect the
improvement or implement the change. In the second case, managers will not put re-
sources at risk by identifying an innovation which has less than certain payoff if they
think the resources will not or may not be restored if the innovation does not prove
out as expected. While DRMS has not systematically explored these effects, discus-
sions with managers regarding how innovations can be encouraged have certainly re-
inforced the fact that the effects are real and could be of significant magnitude. These

effects would restrain innovations with efficiency potential more during periods of
constrained or shrinking resource levels than during periods of unconstrained or ex-
panding resource levels, thus making them even more perverse.

ADEQUACY OF RESERVE COMPONENT SUPPORT RESOURCES

The preceding issue of adequacy of support resources mentioned the force structure

and deployment plan imbalances between combat and service support forces. This im-
balance is exacerbated by the fact that fully 80 percent of the GS Heavy Equipment
Maintenance Companies (HEMCO) are in the reserve components. This fact alone
does not constitute the problem because, everything else being equal, the deployabil-
ity and viability of eithci a reserve or an active duty HEMCO in CONUS should also
be equal. In fact, a strong case can be made in favor of the reserve unit. At issue is
the fact that the two situations are not equal. Indications are that the reserve compo-
nent HEMCOs, for example, are neither equipped nor trained to support a wartime
Army. They do not know which units and what type of equipment they would support
in war. They do not normally work on equipment assigned to active Army units (such

as the M60A3 tank), nor do they have the necessary tools, equipment, or training to
perform their required maintenance functions. The frequent redesignation of reserve
unit missions has even further compounded the problem. The Army is aware of this

problem and is attempting to resolve it by means of affiliation-type training for re-
serve units in Europe through the COSCOM Roundout program. The Army should be
encouraged to continue and accelerate their efforts in this direction.

SUPPLY REQUIREMENTS

Within the previously discussed Army six principles, emphasis is given to providing
a considerable quantity of combat-essential spares to the theater forces. Present stock-
age is based on peacetime demand data that may differ from wartime requirf-ments
both in quantity and type of items stocked. A case frequently cited is the wiring har-
ness for a tank, which has few peacetime demands but is expected to have high com-

bat-damage-generated demands. It is essential that the Army continue its efforts to
predict (and provision for) combat consumption of repair parts by means of its War-

time Repair Part Consumption (WARPAC) and other planning guides. Further, once
requirements are identified and quantified, funding must be provided to stock the
items.

Ll A
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MAINTENANCE ALLOCATION CRITERIA (MACRIT)

In reviewing Army maintenance Tables of Organization and Equipment (TOEs)
and how they are devised, deficiencies in the Army MACRIT system for determining
maintenance manpower requirements were apparent. The Army is aware of these de.
ficiencies and has proposed a program for revamping the MACRIT system. The pro.
posed changes would, we feel, go a long way toward correcting the existing deficien-
cies. A system that relates maintenance manpower requirements more directly to op-
erational mission capabilities, e.g., weapon system availability or turnaround time,
would make it possible to distribute manpower and maintenance capability with
greater certainty of enhancing mission effectiveness. This would permit consideration
of workoad variability and manpower utilization and their effects on both combat ef-
fectiveness and logistics efficiency, and enable a better balance between the two. Un-
der the current system, there is no way to adequately assess the effect of changes in
logistics manpower or structure on combat capability. The Army should be encour.
aged to continue its efforts to relate maintenance manpower requirements to combat
effectiveness.

CREW/OPERATOR MAINTENANCE WORKLOAD

Maintenance that the crew/operator is required to perform is not directly consid.
ered in determining crew/operator requirements. For modern weapon systems, this
could lead to an inordinate amount of work being placed on the crew, to the detri-
ment of their combat training and maintenance performance and to the combat readi-
ness of the weapon. While DRMS agrees with the Army that placing some responsi-
bility on the crew for maintaining their equipment is desirable and may help reduce
equipment abuse and a "we break it, you fix it" attitude, it is critical not to place an
unrealistic burden on the crew.

In reviewing the CMAC for the M60A1 tank, for example, we noted that almost
25 percent of all maintenance man-hours were the responsibility of the crew. If the
reallocations suggested in the CMAC were made, the maintenance workload on the
crew would increase by 50 percent during the contingency/combat period. These fac-
tors would appear to warrant a careful reassessment of how much maintenance
workload can realistically be assigned to the crew without detrimental effects. Alterna-
tives would be to assign more of the maintenance functions to the organizational me-
chanics, or increase the number of crew members assigned to the companies or bat-
talion to compensate for maintenance workload. Either of these alternatives would re-
quire additional manpower authorizations. Further analysis is required to determine if
such increases would be warranted by a corresponding increase in combat readiness/
capability.



260 ARMY TRACKED COMBAT VEHICLES

PRODUCTION-UNE ORIENTATION IN COMBAT THEATER

One of the major themes of this study has been that the theater should be enabled
to increase the responsiveness and flexibility of weapon system maintenance and re-
pair parts supply. One alternative discussed for doing this is to increase the consolida.
tion of component repair in the theater to capture economies of scale and increase
productivity. Care must be taken in planning and implementing any such structure to
ensure that the capability is in fact responsive and flexible. There is always a tend-
ency to make such operations as "efficient" as possible. It should be recognized that
some production techniques, such as production-line activities, while theoretically
more efficient, may be inherently less responsive and flexible in modern warfare and
particularly in a resource-constrained environment where short-term shortages of com-
bat-essential items are critical. The question of what types of maintenance production
techniques are most appropriate for the combat theater needs further examination.



VI. CONCLUSIONS

The DRMS examination of logistics support for Army Tracked Combat Vehicles
has identified a number of issues which warrant further attention and evaluation. The
Army has identified many of these issues and is taking steps to resolve them that, in
general, are consistent with the direction that our examination indicates is the correct
one. Our alternatives appear to differ only in degree with changes currently under
study and evaluation within the Army.

It is generally recognized that some steps taken in the past in the interest of peace-
time efficiency have eroded potential wartime effectiveness out of proportion to any
peacetime savings. (And in some cases, the savings originally estimated have not been
realized.) The Army has programmed changes in logistics support that will greatly al-
leviate currently identified shortfalls. Changes in maintenance MOSs, initiatives to
improve the readiness of Reserve/Guard logistics units, and changes in funding and
deployment priorities, are all expected to improve the capability of the Army logistics
structure to respond effectively to combat demands.

In some cases, the DRMS recommends that the Army move more aggressively.
There is a need to evaluate somewhat more drastic changes in current concepts, struc-
tures, and procedures in order to perceive the most effective changes and their relative
costs. A sharper differentiation between on-equipment versus off-equipment repair
would stimulate structures that might be significantly better than current ones. A lo-
gistics concept emphasizing rapid turnaround of weapon systems at the front, coupled
with greater centralization of off-equipment repair to the rear of the immediate com-
bat area, should increase effectiveness significantly. These findings tend to reinforce
the results of the Army's Tank Study, Phase II, DRS and RGS.

In any major conflict in the foreseeable future, logistics resources will be severely
constrained and the ability to reallocate resources quickly will be critical. The current
system does not appear to be structured or equipped to provide adequate theater com-
mand and control of logistics resources in a combat environment. Simple and direct
means are needed for expediting movement and repair of critical components and for
cross-leveling among units based on expected needs. Such procedures must be worked
out and exercised in peacetime.

Army supply stockage and distribution policies should be based on expected com-
bat requirements, not peacetime demands.

The Army should continue its efforts to completely revamp the MACRIT system
for developing manpower requirements. A system that relates maintenance manpower
requirements to operational mission capabilities will make it possible to distribute
manpower and maintenance capability with greater certainty of enhancing mission
effectiveness.

There appears to be a need for endowing the Army with a greater capability for de-
veloping and evaluating support alternatives. We recognize that the Army has exam-
ined many options over the years, but most have involved fairly marginal changes.
This is understandable in view of the criticality of such changes for combat capability
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and the difficulty in obtaining the support necessary to test such alternatives ade-
quately. Much of the support for such evaluations and field tests must come from out-
side the Army if adequate resources are to be made available.

Phase I, RGS, DRS, CABL, restructuring of maintenance MOSs, extensive mod-
ernization programs, and movement toward more sophisticated equipment all provide
both the opportunity and the necessity for evaluating alternative support structures,
some of which may differ radically from current ones. The decisions of the next few
years are likely to determine the Army logistics capability for the next decade and
more and, in turn, the Army's combat capability. Because the problems are complex
and solutions are not easy, caution in implementation is certainly warranted.
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Appendix
TRACKED VEHICLE MAINTENANCE AND SUPPLY

SYSTEM

INTRODUCTION

This appendix describes in somewhat more detail the current Army system for pro-
viding maintenance and supply support to tracked combat vehicles. As noted in Sec-
tion III, the basic Army philosophy is that maintenance is a command responsibility
and should be performed at the lowest level practicable. Maintenance responsibility
and capability begins at the crew/operator level in the company and continues back
through successive levels at battalion, division, corps, communications zone and, fi-
nally, to the wholesale depot level. There is a similar structure for repair parts supply
support. Figure A-i, extracted from an Army briefing, depicts the Army Maintenance
System supporting a tank battalion on the battlefield.

MAINTENANCE

The following discussion will describe the various categories and levels of mainte-
nance shown in Fig. A-1. For illustrative purposes we will use an Armored Division.
Figure A-2 shows the organization of the Armored Divisions as depicted in U.S.
Army Armored Reference Data, ST 17-1-1, p. 1. Tables A-1 and A-2, based on in-
formation from the same source, summarize the number of personnel and vehicles,
respectively, for major elements in an armored division. Note that an armored divi-
sion has some 16,700 people and 5,500 vehicles, of which 1,500 are tracked combat
vehicles. The Engineer Battalion has an additional 162 pieces of engineer-unique
equipment, not included. Table A-2 shows the total number of tracked combat vehi-
cles, the number in selected major categories, and the number of each assigned to the
major elements.

As shown in Table A-i, there are 2,500 maintenance personnel, or personnel as-
signed to maintenance organizations, in an armored division excluding those unique
to the aviation, signal, and engineer battalions. Many of the 2,500 support directly or
indirectly equipment other than tracked combat vehicles, while 800 tracked vehicle
mechanics/repairmen and 150 tank turret mechanics/repairmen are almost exclu-
sively dedicated to tracked vehicles and tanks, respectively. The tracked vehicle me-
chanics/repairmen are distributed over some 80 company/battery/troop-sized units
including the individual tank companies.

Organizational Maintenance
The Tank Battalion has two kinds of organic maintenance capability: crew/opera-

tor and organizational mechanics. The crew/operator is responsible for routine
checks, cleaning, lubrication, and adjustments. The organizational mechanics perform
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Figure A-1. The Army maintenance system
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inspections, replace components/assemblies, replace piece parts, and evacuate unserv-
iceables to the battalion's Direct Support Maintenance element. Organizational me-
chanics are located in each of the companies to support the company's equipment,
and in the Tank Battalion Maintenance Platoon that supports all battalion equipment.
Table A-3 shows the maintenance elements of a Tank Battalion and the number of
tank vehicle mechanics and tank turret repairmen in each. The Battalion Mainte-
nance Platoon also maintains each company's Prescribed Load List (PLL) of repair
parts. This consists of about 170 lines, of which about 70 are tank-related and 40 are
common hardware items. Examples of items in the PLL are track pads, spark plugs,
starters, and generators.

Some battalions have consolidated operational control and scheduling of all me-
chanics at battalion level even though the mechanics remain on the Modified Table of
Organization and Equipment (MTOE) of the subordinate companies. The Division
Restructuring Study (DRS) is testing consolidation of all mechanics at battalion level,
including changing the TOEs. This effectively pools the capability of the 35 tracked
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Figure A-2. Armored division organization chat.
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vehicle mechanics, for example, at one point of control rather than at six points for
the standard TOE.

Direct Support Maintenance
The next category of maintenance above Organization is Direct Support (DS)

Maintenance. There is one Direct Support Maintenance Battalion in each division.
Figure A-3 shows the major elements of the Maintenance Battalion.

The Maintenance Battalion performs DS level maintenance, such as malfunction
diagnosis, limited rer-,i, calibration and alignment of components, tank repair (re-
pair or replace components/assemblies), armament repair, body work/welding, and

L
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Table A.1.-Annored divilon: peronnel

Track vehicle Tank turret

Unit Total Maintenance1  Mech/RPMN2 Mech/RPMN

Div HHC 191 11

Aviation Co 96 7

MPCo 191 10

Signal BN 609 55

Engineer BN 961 95 15

Brigade HHC (3ea) 112 12 5

ARMD CAV SO 815 81 38 7

Support CMD 2,536 1,164 247 69

Air Def Arty BN 583 51 20

Div Arty 2,539 108 38

Tank RN (Wea) 552 87 35 12

MAch Int BN (5ea) 901 72 37

Div total 16,734 2,476 768 149

1 Does not include aircraft, engineer, signal equip.
2 Does not include engineer equip.

Table A-1

direct exchange of parts with Tank Battalions. It also maintains the division's Autho.
rized Stockage List (ASL). The ASL typically consists of 4,000 to 5,000 lines, of
which 900 are tank-related and 1,200 are common hardware items. Items include en-
gines, transmissions, differentials, final drives, gun tubes, etc. Wherever possible, the
DS Battalion performs maintenance at the point of failure using a contact team,

L mi
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Table A-2.-Armored division: tracked combat vehicles

Cargo Mortar Self- Air
Total

2  
carrier & TOW propelled defense Recovery

Unit Trucks
1 

tracks Tanks & APCs carrier artillery artillery vehicle

Div HHC 32 2 2

Aviation Co 22

MP Co 7

Signal BN 142

Engineer BN 122 57 43 3

Brigade HHC (3ea) 24 5 4 1

ARMD CAV SO 81 116 27 52 9 5

Support CMD 478 4

Air Def Arty ON 100 12 48 4

Div Arty 437 176 105 66 9

Tank N (Wea) 78 91 54 28 7

Mech Inf BN (5ea) 72 ICS 69 22 6

Div total: 2.441 1,507 351 731 119 66 48 100

1 Does not include aircraft, engineer, sinnal equip.
2 Does not include engineer equip.

rather than evacuating the equipment to the division rear. Note that a Forward Sup-
port Company of the Maintenance Battalion operates in each brigade area, supporting
the maneuver battalions and any other units in the brigade area on an area basis. The
Missile Support Company provides DS level maintenance for all missiles in the divi-
sion on an area basis. The Light Maintenance Company provides direct support elec-
tronics equipment maintenance, except for missile systems, for division elements lo-
cated to the rear of the brigade area, and backup support to the Forward Support
Companies. The Heavy Maintenance Company provides direct support maintenance
for mechanical, armament, and construction equipment to units of the division not
supported by Forward Support Companies, and provides direct support maintenance
for all refrigeration and chemical equipment, and supplementary and backup support
to the Forward Support Companies.

There is normally a DS Maintenance Battalion within the Corps Support Command
to perform DS maintenance for units in the corps area to the rear of the divisions.
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Table A-3.-Tank battalion maintenance elements

Total Track VEH Tank turret

personnel mechanics mechanics

HO & Hq Co

Co Maint Sec 11 8

BN Maint Pit 30 9 3

Tank Co (3 ea)

Main Sec 12 4 3

Combat Support Co

Main Sec 10 6

BN Total 87 35 12

General Support Maintenance

The next level of maintenance above Direct Support is General Support Mainte-
nance. The division relies on the General Support Maintenance Battalion located in
the corps for general support. The corps General Support Battalion performs repair
and limited overhaul of end items and comp6nents/assemblies, heavy body, hull, tur-
ret, and frame repair; backup direct support to the division; and direct exchange of
assemblies with DS units. Maintenance support for tracked vehicles is primarily pro-
vided by Light Equipment Maintenance Companies for communications/electric
equipment and Heavy Equipment Maintenance Companies for mechanical, arma-
ment, and construction equipment.

Traditionally, GS units have repaired in support of the supply system while DS un-
its have repaired for return to the user. As discussed in the text, the new concept re-
cently approved by the Army would concentrate corps GS units on repair for return
to the user, while a GS capability in the COMMZ would be responsible for repair in
support of the supply system.
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Figure A-3. Armored division maintenance battalion.
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Figure A-3

Additional GS units may be located to the rear of the corps. Currently, the 21st
Support Command in Europe has a limited GS capability to act as a backup to corps
units and to support theater Army assets. In addition, there are two depot-level sup-
port facilities in Europe operated by DARCOM. One facility, at Mainz, does depot-
level repair and overhaul of tracked combat vehicles, components, and assemblies,
while a facility at Oberamstadt is a tire rebuild facility.

Figure A.4 summarizes the maintenance echelons, categories, and functions as de-
scribed above.

REPAIR PARTS SUPPLY SYSTEM

Figure A-5 summarizes the flow of requisitions for repair parts and their distribu-
tion. Organizational level maintenance units obtain repair parts to fill their PLL from
the supporting DS unit. The DS unit requisitions replenishment parts through the di-
vision, corps, and theater Material Management Centers (MMC). The National Inven-
tory Control Point in CONUS cuts a Material Release Order (MRO) in response to
the requisition, which causes the wholesale system to ship the item. Under the Direct

Supply System (DSS), repair parts for a particular unit are consolidated at one of
three CONUS area-oriented depots (AOD). For Europe, the consolidation point is
New Cumberland Army Depot at New Cumberland, Pennyslvania. The shipment then
goes by air to Europe and by truck directly to the unit requisitioning the items.

Li
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Figure A-5. Flow of repair parts and requisitions.
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VIA AIR WHERE POSSIBLE Source: Department of the Army Field Manuel 100-10. Combat Service Suppor1 p 929.

Direct Exchange (DX) System

Figure A-6 summarizes the flow of Direct Exchange components and assemblies.
For DX items, the user exchanges a malfunctioning reparable for a repaired item on a
one-for-one basis. The DX exchange point then repairs the item and puts it back in
its DX stock. DX loops operate between organizational and DS level and between DS
and GS level, depending upon who is responsible for the repair.

MATERIEL MANAGEMENT AND DISTRIBUTION

In addition to the normal logistics staff, there are two elements of the Division
Support Command (DISCOM) with coordination and resource management responsi-
bilities: the FASCO (Forward Area Support Coordination Officer) and the DMMC
(Division Materiel Management Center).

The FASCO, located in the brigade area, coordinates combat service support mis-
sions between the brigade and DISCOM elements operating in the brigade support
area, provides liaison between DISCOM elements and the brigade, and provides in-
formation on the logistical situation within the brigade area to the DISCOM. FASCOs
are organic to the Headquarters Company of the DISCOM in airborne and airmobile
divisions and implemented by MTOE in armor, infantry, and mechanized infantry di-
visions.

L:



272 ARMY TRACKED COMBAT VEHICLES

Figure A-6. Direct exchange schematic.
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The Division Materiel Management Center (DMMC) is a separate TOE unit as-
signed to the DISCOM headquarters. The DMMC consists of approximately 150 peo-
ple primarily devoted to the management of division supplies. It provides centralized
and integrated (supply and maintenance) management for all classes of military sup-
ply except medical, communications security equipment, rail mission equipment, and
classified maps. The DMMC: (a) determines requirements for development and tech-
nical supervision of division ASLs, PLLs, and ORF lists; (b) procures all supplies re-
ceived by the division for which the center is reponsible and directs their distribution;
(c) manages the division master property records and equipment status reporting sys-
tem; (d) manages the Class IX (repair parts) supply system including development,
approval, and maintenance of ASLS and PLLs; (e) operates an integrated mainte-
nance management information program; (f) manages the Class II supply system; and
(g) determines ASL mobility requirements in time of war.

Two sections, the Class IX Supply Section and the Maintenance Section, manage
the division's repair parts and maintenance resources. The Class IX Supply Section
receives, edits, and forwards all repair parts supply requests from the maintenance
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battalion DSUs. It also develops and maintains the ASLs and monitors and publishes
all PLLs.

The Maintenance Section is the centralized and integrated division maintenance
management activity for all division equipment except Class VIII, communications se-
curity equipment, rail mission equipment, and classified maps. It manages both orga-
nizational and direct support maintenance. It operates the maintenance reporting and
management system to maintain status information on combat-essential equipment
and provide material readiness information. It develops maintenance plans for divi-
sion combat operations, generates disposition instructions for unserviceables which ex-
ceed the repair capability or capacity of the division maintenance units, and develops
requirements for transportation to evacuate the unserviceables from the division area.

I



ORGANIZATIONS AND FACILITIES VISITED

In the course of making these case studies the contributors visited several installa-
tions and discussed current and possible logistics support concepts with a large num-
ber of people.

The following are the units and locations that the contributors visited.

Army Logistics

Hq Department of the Army
Pentagon, Washington, DC

Hq U.S. Army, Europe (USAREUR)
Heidelberg, Germany

Hq U.S. Army Materiel Development
and Readiness Command (DARCOM) Alexandria, Virginia

Hq V Corps
Frankfort, Germany

21st Support Command
Kaiserslautern, Germany

Army Logistics Center
Fort Lee, Virginia

Depot Systems Command (DESCOM)
Letterkenny, Pennsylvania

3rd Armored Division
Frankfort, Germany

New Cumberland Army Depot
New Cumberland, Pennsylvania

Letterkenny Army Depot
Letterkenny, Pennsylvania

Tobyhanna Army Depot
Tobyhanna, Pennsylvania

Miesau Army Depot
Miesau, Germany

Combat Equipment Group Europe (CEGE)
Funari Barracks, Germany

U.S. Army Tank Automotive Readiness Command (TARCOM)
Detroit, Michigan
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11 Corps Support Command (COSCOM)
Fort Hood, Texas

1st Cavalry Division
Fort Hood, Texas

Anniston Army Depot
Anniston, Alabama

Mainz Army Depot
Mainz, Germany

Kaiserslautern Army Depot (KAD)
Kaiserslautern, Germany

8th Maintenance Battalion (GS)
Frankfort, Germany

51st Maintenance Battalion (DS)
Spinelli Barracks, Germany

66th Maintenance Battalion (GS)
Kaiserslautern, Germany

122nd Maintenance Battalion (DS)
Frankfort, Germany

1/40th Field Artillery Battalion
Frankfort, Germany

150th Heavy Equipment Maintenance Company, GS
Carson City, Nevada

Troop Support and Aviation Materiel Readiness

Command (TSARCOM)

101st Air Assault Division
Fort Campbell, Kentucky

New Cumberland Army Depot
New Cumberland, Pennsylvania

Corpus Christi Army Depot
Corpus Christi, Texas

70th Transportation Battalion (AVIM)
Coleman Barracks, Germany

205th Aviation Battalion (AVIM)
Frankfort, Germany

503rd Aviation Battalion (AVIM)
Frankfort, Germay
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Navy Logistics

Hq Department of the Navy
Pentagon, Washington, DC
Navy Ships Parts Control Center
Mechanicsburg, Pennsylvania

Naval Ship Engineering Center
Mechanicsburg, Pennsylvania

Navy Air Logistics Center (NALC)
Patuxent Naval Air Station, Maryland

Naval Air Repair Facility (NARF)
Jacksonville, Florida

Aviation Supply Office (ASO)
Philadelphia, Pennsyvlania

Naval Air Station (NAS)
Miramar, California

USS SARATOGA
Jacksonville, Florida

COMNAVAIRLANT
Norfolk, Virginia

Air Force Logistics

Hq Department of the Air Force
Pentagon, Washington, DC
Air Force Logistics Command (AFLC)
Wright-Patterson Air Force Base, Ohio

Air Force Data Systems Design Center (AFDSDC)
Gunter Air Force Station, Alabama

Hq Tactical Air Command (TAC)
Langley Air Force Base, Virginia

Hq U.S. Air Force, Europe (USAFE)
Ramstein Air Base, Germany

Hq Pacific Air Force (PACAF)
Hickam Air Force Base, Hawaii

Sacramento Air Logistics Center (ALC)
Sacramento, California
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314th Air Division
Seoul, Korea

8th Tactical Fighter Wing (TFW)
Kunsan Air Base, Korea

18th Tactical Fighter Wing (TFW)
Kadena Air Base, Japan

36th Tactical Fighter Wing (TFW)
Bitburg Air Base, Germany

50th Tactical Fighter Wing (TFW)
Hahn Air Base, Germany

5]th Composite Wing
Osan Air Force, Korea

354th Tactical Fighter Wing (TFW)
Myrtle Beach, South Carolina

4440th Tactical Fighter Training Group (TFT G) (Red Flag)
Nellis Air Force Base, Nevada

6100 Supply Squadron
Kadena Air Base, Japan

Hq Strategic Air Command (SAC)
Offutt Air Force Base, Nebraska

Oklahoma City Air Logistics Center (ALC)
Oklahoma City, Oklahoma

40th Air Division
Wurtsmith Air Force Base, Michigan

379th Bomb Wing (BMW)
Wurtsmith Air Force Base, Michigan


